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C H A P. I. 


Of the Metínlng of the Word Cofhtography^ and the 'Vfe- 
fulnefs of the Science. 



H A T I now propofe, ís to give a gene- 
ral Idea of the World, thac ís, a De- 
fcription of the Number, Situation, Mag- 
nitude, Figure, and fome other Proper- 
ties of the principal Parts of which the 
I II vilible World is corripofed : And that 
Science which treats of thefe feveral Particulars, is called 

•A 2 2 - This 


Cofnography 


I 

l 


i. What is 
meant by 
Cofmographjc 


4 ROHAVLT’ s System . Part II,' 

a. The ufe- 2. This Science is not only of greatUfe in itfelf, but 
fob'fi thiu- a j£- 0 ¡ n the Confequences which follow from it. Forbe- 
íide thac ic is of great Advantage to us, to know the 
wholeStruclureof our own Habitation ; we may alfo af- 
fírm, that there is fuch a Connexion betwixt the feveral 
Parts of theUniverfe, and they have fuch a Dependen ce 
upon, and are fo linked with each other, that the greateft 
Part of thofe Events which are natural, and which af-' 
fe£l us the neareít, cannot be explained without aperfeél 
Knowledge of the particular Conílitution of the World 
and of every Part of it, upon which they depend, as Ef- 
feíts do upon their Caufes. This Science is alfo of great 
Ufe in Geography ; becaufe it is certain, that we cannot 
have a perfefi Knowledge. of the Situation of different 
Countries, with refpe&to each other, without havingfirñ 
fettled the Place which theEarthis in, with regardto the 
other Parts of the Univerfe. 

5 . in nhnt 3. Since the World is the Work, or rather theDiver- 
oif ¿T ío ií ^ on t ^ ie of God, who could divide it into as 

"treJcdof! many Parts as he pleafed, and difpofe them in an in- 
finite variety of Ways ; it is iñipoffible for us to know 
the Number or Order of them, by any Reafon drawn 
from the Nature of the Things themfelves ; and we can 
know only by Experience, which Way God was pleafed 
to choofe, out of thofe many in which they might have 
been dífpofed. We ought therefore to coníider every 
Particular, as far as the Weaknefs of human Nature, 
aífifted by all the Helps of Art and Induítry, will per- 
mit, that we may go back, as far as we are able, from 
the Eñeéfs to the Caufes ; and firfi: take Notice, how 
Things appear to us, beforewe malee a Judgment of the 
Nature and Diípoíition of them. 


C H A P. II. 

General Obfervationsl 

1 . Tkat the 'Tp H E firít Thing that we take Notice of, is theEarth 
f ¡he ! 1 and «f which we inhabit, whofe Superficies is interrupted 

a certain Fi- and divided by a great Number of Rivers, Lakes, and 
z«rc. Seas; and though the whole Bulk of Earth and Waters, 
feems to us to be immenfe, yet we are aífured that it is 
bounded and limited, ( for we know that a great many 
3 Perfons 
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Pe'rfons have gone round it different Ways) and eonfe- 
quently, that it is of a certain Figure. 

z. T.his Figure muft neceíTarily coníift, either of a a- That the 
greatmany plain Superficies, oreifeof one particular Su- 
perficies ; if it confifts of but one continued Superficies, 
that muft be a carved one. But the Earth cannot be 
bounded by a great many plain Superficies, becaufe thele 
would meet in different Angles where the Superficies are 
connedfed toget'her, fome of which we could not but 
take notice of; but wedo not perceiveany fuch Thing* 

On the contrary, where-ever we are, the whole Éxtent, 
as far as our Eyecan reach, appears plain and level. We 
muft conclude therefore, that the Earth is not terminated 
by a great many plain Superficies, b'yt by one conti- 
nued curved one. And further, becaufe the Earth ap- 
pears equally plain every where, wc have no Reafon to 
think, that the Superficies about it. is of anunequal Curva- 
ture, and therefore we conclude it to be alike all over,that is 
the Earth and the Waters together areof 1 the Figure of a 
Sphere or a Globe, or a Ball, which is thefame Thing. 

3. This Globe is every where furrounded with Air, 3-Oftheaíir, 
beyond which is that immenfe Space which is called the 
Heavens, wherein we fee a yaft Number of Stars, amongft an ‘ ars ' 
which we reckon the Sun and Moon. 


i The Figure of a Sphere, &c.) 
Concerning che Earch’s being round? 
See Varenius’s Geography , 3 ook 1 . 
Seél. 2. and Tacqtict's Aftrontmy, 
jBookl. Nnm. 3. However ic iscertáin 
chac the Earch is not exactly and'tru- 
ly round, buc íes Diameter ac che 
Équino&ial Circle is to ics Diamerer 
through the Poles, as 692^0 689. 
SeeNewton'sPrincip.Raok II LProp. 19. 

Buc Tacqact in his Afironomy>Rook I. 
Chap.iu ¡Nafñb. 6 . has drawn Tome 
very neat Confequences from the 
Roundnefs of che Earchf? which I Chali 
add here. 

Firft then.Tf anyPart ofthe Earth' s 
Superficies be plain, Men can no more 
fiand upright npon it, than they can 
upon the Side of a Mountain . Second ly, 
Recattfc the Superficies of the Earth is 
globotts, the Head of a Traveller goes a 
longer Journcy than his Feet : And he 
xoho rides on Horfebaclt, gees a longer 
Journey than he who walks the Jame 
Way on Foot : So likewife the npper 
parí of the Maft of a Ship gees more 
Way than the lower , viz. Becaufe they 
snove in Pare of a larger Circle. 

• Thirdly, If a man goes tht whole 

A 


Cir camfcr eme of the Earth* s Orb j the 
Journey which his Head travels exceeds 
that of his Feet, by the Circnmference of 
a Circle , xvhofe Radias is the Man* & 
Height. 

Fourthly. If a Vejfel ftill of Water 
wcre lifted up perpendicular ly, fome of 
the Water would continually run over , 
a ¡téLy/t the Vejjel would be always ful!, 
víaí^Becaufe the Superficies of che 
Water would always be deprefíed into 
.pare of a larger Sphere. 

Fifrhly. If a Vejfel full of Water 
roeré carried direftly downvoards , though 
none of it ran over , yet the Vejfel would 
not be full, viz. Becaufe che Superfi- 
cies of the Water is raifed continually 
into pare oía lefs Sphere. 

Whence ic follows, Sixthly? That 
the fame Vejfel will hpld more Water at 
the Foot of a Mountain than at the 
Top'y and more in a Cellar than in a 
Chamber. 

To which may be added. Laflly. 
That two Threads upon which two Steel 
Ralis hang perpendicularly, are not pa m 
rallel to each other, but Parts of troo 
Radias 3 s which meet atthe Center ofthe 
Earth . 

3 ' T The 


4- That thert 
are jixed 
Stars and 
Planets. 


5*, Of the 
Number of 
the Jixed 
Sears. 


6 . Of the 
Number of 
the Planets. 

7. What a 
Conjlcllation 


8 . That a 
great many 
more Stars 
may be feen 
by the he/p of 
a Telefope . 


9. Hoyo the 
JPlantts may 
be known. 


10. The a p- 
parent Moti - 
on of the 
vohole Hea- 


II. What is 
meant by a 
natural Day. 
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4. The greateft Part of thefe Stars continué always in 
the fame Place with refpeft to each other, which is the 
Reafon why they are called jixed Stars ; on the contrary, 
the other perpetually change their Place, and are there- 
fore called wandring Stars or Planets. 

y. The Number oí the jixed Stars which appear to the 
naked Eye, is a Thoufand and Twenty Two, fome of 
which have appeared but Iately, and were unknown to 
the Antients ; and They on the other hand faw fome, 
which we cannot fee now. There are alfo fome Stars 
which appear but for a íhort Time, as that which was feen 
towards the latter end of the Year 15-72, which at firíl 
appeared brighter and larger than any of the reft, but di- 
miniíhing*by Degrees, in about fíx Months it totally dif- 
appeared. 

6. There are only feven Planets, the Ñames of which 
are, the Sun, the Mean, Mercury , Venus , Mars, Júpiter 
and Saturn. 

7. The Antients diftinguiíhed the whole of the fixed 
Stars into feveral Signs or Conjiellations , to which, with- 
out any other Reafon than their ownFancies, they gave 
the Ñames oí Bear, Lion, Mermaid, Serpent, &c. 

8. Beíides the Thoufand andTwentyTwo fixed Stars 
now mentioned, innumerable others may be feen through 
aTelefcope; and there may alfo be feen four little Pla- 
nets which always accompany Júpiter at a fmall Diftance 
from him, and 1 another little Planet always attending 
upon Saturn. 

9. The Sun and Moon are the Principal amongft the 
■ Planets, and thefe are, eafily known : But the other Pla- 
nets can be known only by their apparent irregular Mo- 
tions, and by the Diftejj^ce of their Light, which does 
not twinkle fo much as that of the fixed Stars. 

10. All the Stars, as well the fixed, as the Planets, 
feem to us, to deferibe a great many Circumferences of 
parallel Circles, and to move from the Eaft to the 
Weíl. 

11. They perform their Revolutions in pretty near 
equal Times ; and the Time which the Sun takes up in 
going one Round, is called a natural Day, and is com- 
monly divided into twenty-four Hours , and each Hour 
into fixty Minutes. 


1 Atiothtr little Plantt, &c ■) Nay J about Saturn. as Cajfiril and Ha£emat 
tbere may be feen with- a good Te- I have obferved. 
lefeope hve fmall Planets moving | 
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C H A P. III. . 

ConjeBures bow to explain the appetrent Aíotions of the 
Stars. 

T H E S E Obfervations being alio wed, there have been 
two Hypothefes or Suppofitions made, in order to 
account for them. The firft is, that the Earth continúes 
at Reft in the Middle of the World, and that thewhole 
Heavens move round it from Eaft to Weft, and carry 
all the Stars along with them. 

2. The Second fuppofes on the contrary, that the Hea- 
vens and the Stars do not really move round in Four 
and Twenty Hours, as they appear to us to do ; but 
that they are indeed -at Reft, and feem only to mqve; 
becaufe the whole Mafs compofed of Earth, Water and 
Air, and of every Thing which we fee here, does really 
tuiiferound its own Center from Weft to Eaft. 

3fThe firft of thefe two Hypothefes or Suppofitions 
was maintained by Ariftntle , Hipparchus, Ptolemy , and a 
great many Philofophers. 

4. The latter Hypothefis was maintained by Ecphantes , 
Selettcus, Ariflarchus, Philolaus , Plato , and the Pythagore- 
ans. Archimedes alfo fuppofes this to be true, in his Book 
Entituled, Of the Numher ofGraim of Sand. This Opi- 
nión, after having been buried in Oblivion for many A- 
ges, was reviv’dagain by Copernkus about Two hundred 
Years ago. 

f. If we confider thefe Two Hypothefes, welhallfind 
that they will both equally folve thefe Phsenomena and 
general Obfervations; for all the vifíble Parts of the 
Heavens will feem to turn round from Eaft to Weft 
in T wenty-four Hours, the fame in one Hypothefis as in 
the other. Wherefore having as yet no Reafon to fol- 
low the one rather than the other, we ought to fufpend 
our Judgrpent with refpedt to each of them : But be- 
caufe we have undertaken to argüe from the particular 
Phsenomena, which cannot be done without being of 
otie Opinión, or taking Part with one Side, let us firft 
fuppofe the common Opinión to be the true one. 


A 4 


I. TTjC firft 

Hypothefis 
That the 
Earth does 
not move. 


1. The fecona 
Hypothefis* 
That the 
Heavens do 
not move . 


5. What Per - 
fons roere of 
thcformer 
Opinión . 

4. Who roete 
of the latter 
Opinión , 


y. That eitht ? 
of thefe Hypo- 
thefes toill 
anftoer the 
Phanomena » 


CHAPo 
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CHAP. IV. 

Of the Figure of the World. 

Of the principal Points, Linee and Circles , which are 
imagined to be upan the Superficies of it. 


r. •Bythefor- ~\TJ E cannot conceive any Body to be in Motion 
TS&ZYi wlt ^ ou£ comparing > c with other Bodies, to which 
vmsamUmi- it is difFererently applied. Now upon this Suppoíuion, that 
ud and the the Heavens move, w£ muft neceíTarily compare them 
íomething that we imagine to be beyond them; and 
tai Figure, therefore we cannot but fuppofe them limited. Andbe- 
caufe Reafon and Experience íhew us, that a Body in- 
cluded within another, cannot move freely, if thet^be 
any Angleson its Superficies; therefore lince the Heavens 
-appear to move very freely, we do readily conceíve their 
Superficies to be without any Angles, and confequently 
fpherical •; and further, not concerning our felves with 
what may be beyond this Superficies, but only taking 
all that is contained i ti it for the_ Univerfe, we affirm, 
that the World, or the Univerfe, is of a fpherical Fi- 
gure. 

a. of the ¿i- 2. When we fuppofe the whole Heavens to turn round 

anuíanles, every Day, and to finiíh their Revolution in Twenty- 
four Hours, we imagine at the fame Time, that eve- 
ry Point in them except Two, defcribe Circles parallel 
to each other, and thefe are called diurhal or daily 
Circles. 

í¡. ofthe 3. Thefe Circles are all unequal, and the largeíl of 
Eqnator. them is called the Eqnator, or the Equin'oátial Circle. 

■4* ofm 4. The two Points in the Superficies of the Heavens 
wÚr!d^ !he which do not defcribe any - Circles at all, but only turn 
about themfelves, are called the Pales of the World. One 
of them, viz. that which is in the Part of the Heavens. 
vííible tous, is called the Arélick Pole , and the other the 
Antarflich. 

y. pf the y. The ftreight Line which goes from one Pole to the 
Waridf‘ h ‘ ottier i an d paites through the Center of the Earth, is cal- 
led the Axis of the World. 


6. Since 


Chap. 4.' 6 / Natural Philosophy, 5> 

6. Sínce we can alwaysfee one Half of the Heavens,. 6 - Tha ' ‘ hí 
in what Part of the EarthToever we be, if our Sight b ^ fZu llmpl 
uot hindred by Mountains, or fome fuchThing, thisis a nd n hh the 
Proof, that the Earth is but of a very inconfiderable 
Bignefs, compared with the Heavens, and that ít may be 

taken for a Point, with regard to the vaft Extent of 
them. 

7. The Circle which feparates the viíible Part of the 7 ; ofthtm- 
Heavens from that which is inviíible, is called the Hori- r,zm • 
zon, which is different according to the different Parts of 

the Surface of the Earth where we are. 

8- The P oles of the Horizon , are two Points of the Su- 8 -OftheZc- 
perficies of the World, eachof them equally diftant from mi Na ~ 
every Part of the Horizon ; that Pole which is over our 
Head is called the Zenith , and the other the Nadir. 

9. The Meridian is that Circle which we imagine to 9-OftUMe- 
pafs through both the Poles of the World, andthePoles ridian - 

of the Horizon. 

10. It is evident, that the Meridian alters, if we go to IO - ,h ‘ 

any other Place, which is Eaft or Weft. nTtheu/j 

11. The Circles which we conceive to pafs through ridian every 
the Poles of the World, and every Point of the Equa- 
tor, are called Circles of Declinación. 

11. Thofe Circles which we imagine to pafs through 
both Poles of the Horizon and every Point of its Cir- 
cle, are called Azirnuths or vertical Circles , or Circles 
Ínter fetSing each other in the -point direólly over our heads. 

13. Moít part of ihefe Things are by Analogy 
transferred to the Superficies of the Earth. Thus the 
Earth' s Equator , or Equinodiial Line , or in general the 
hiñe , is a great Circle which we imagine to be on the • 
Surface of the Earth dire&ly under the Equator of the 
Heavens. 

14. The Axis of the Earth is a Part of the Axis of the 14. 0/ the 

World, included in the Body of the Earth. Eanh-t jix- 

iy. The Poles of the Earth are the two Extreme Points 0 f the 
Of itS Axis. A the 

16. The Meridiansupon the Earth, which are alfo called f¿ r ‘ 0 h f lhe 
Circles of Latitude , are a great many Circles paffing thro’ cirdLefu- 
the Poles of the Earth, and the feveral Points of the E- ’-pp 
quinoítial Line. 

17. There is one Meridian upon the Earth, w'hich 
Geographers cali the firjl Meridian, and Ptolemy has been 
ufually followed in this.who choíe for the firft Meridi- 
an, the Circle that paífes through the Iíland of Hierro , 
one of the Canary Iílands, 

iS. To 


ve h ere. 

1 1. Of the 
Circles of Dc- 
clination. 

12. Of AxX- 
rmtths. 


13. Of the 
Earth 3 s E- 
qttaíor , 


the Earth. 

IJ.OfthcfirJi 

Meridian. 
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18. The Or- 
der of the 
Meriditins. 

19. Of the 
Cheles ofLo?i- 
gitnde ttpon 
the Earth. 


2.0. Hoto any 
Chele is divi * 
ded. 


1. The firft 
Ufe of the 
Equator. 


a. Another 
Ufe of the- 
Equator. 


3. The Firji 
Ufe of the 
Horizon. 


4. Amther 
Ufe of the 
Horizon. 
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18. To know theOrder and Numberof Meridians, it 
is cuflomary to reckon them from Wefi to Eaft. 

19. The Circles of Longitude tifón the Earth, areagreat 
many Circles, which we conceive on its Superficies, 
to be parallel to its Equator : they are on both Sides of 
this Line, and diminiíh as they grow nearer to the 
Poles. 

20. All the Circles which we imagine to be either in 
the Heavens or on the Earth, are divided into three 
Hundred and Sixty equal Parts, which are called Degrees, 
and every Degree is divided into Sixty Parts, which are 
called Minutes, &c. fo that the Word Minute is ambigu- 
ous, fignifying as well the Sixtieth Part of an Hour, as 
the Sixtieth Part of a Degree. 


C H A P. V. . 

Of the chief Vfes of the Circles of the Sfhcre of the 
World. 


T HE Equator in the Heavens, divides the World in- 
to two equal Parts ; that in which th zdrttick Pole 
is, is called the Northern Part, and the other is called the 
Southern Part. 

2. The Motion of the Equator is the Meafure of 
Time, for we judge the time to be more or lefs, ac- 
cording as there pafs more or fewer Degrees of this Cir- 
cle crofs the Meridian. The fpace in which there paf- 
fes fifteen Degrees of the Equator, is an Hour ; and the 
Space in which there paíTés the Sixtieth Part of Fifteen 
Degrees, that is, fifteen Minutes, is a Minute of an 
Hour. 

3. The Horizon divides the World into two equal 
Parts, which are called Hemifpheres ; that which is vifible 
to us, is called the upper EJernifphere , and the other the 
lower Hemifphere . 

4. When the Horizon cuts any diurnal Circles, it is a 
Proof that thoíe Stars which are in thefe Circles rife and 
fet; on the other hand, when it does not cutany, it isan 
Argument that the Stars which are in thefe diurnal Cir- 
cles, do not rife and fet at all. 

y. When 


Chap. 5. °f Natural Philosophy. 

j-, When any of thefe Circles are cut by the Horizon, r. o/the 
the upper parí is called the diurnal Arch , and the lower 
Part the notturnal Arch. Arches. 

6. The Quantityof thefe Arches, íhews us how ]ong 6 - Thí u fi°f 
the Star which is in them, is above or below the Ho- thc ^ uírth “ 9 
rizón. 

7. The four Points where the Meridian and the E- 7. of the Car - 
quator cut the Horizon , are called the Cardinal Points. dmal 

8. The Place where the Meridian cuts the Horizon 8. of the 
in that Part where the ArStick Pule is, is called the ani 
North , and the Point oppolite to it, is called the m 
South. 

9. The Place where the Equator Cuts the Horizon on g.o/thcEafi 
that Side where the Sun rifes, is called the Eafl , and mi 

the Place oppolite to it, is called the W ji. 

10. The Place which is between any two of thofe, has f°- °f‘ hs 
its Ñame from the Compofition of thofe Two; thus p“”" e ,a “ 
the Place which is betwixt the North and the Eaft, is • 

called the* North-Eaft, that which is betwixt the North * Ste viem- 
and the Weft, is called the North-Weft ; that which is víus, Smkí 
betwixt the South and the Eañ, is called the South-Eaft , V1 ' 

and that which is betwixt the South and the Weft, is 
called South-Wejl. 

11. The Meridian divides the World into two equal »• The fifi 
Parts, that which is on the Side where the Stars rife, is Mendim. 
called the Eaji, and the other the TVeJl. 

12. The Meridian divides the diurnal Arches into two ¿mtha 
equal Parts, and therefore Ihews, that the Diftance of 

the Stars from their rifing to their coming to the Me- 
ridian, is equal to the Diftance from the Meridian to 
their Setting. 

13. The Meridian determines the greateft Altijude a- 13. a third 
bove the Horizon, of thofe Stars which rife and fet ; Ufi "f !hí 
and both the greateft and the leaft Altitude of thofe Stars nul ' arl ’ 
which never fet. 

14. The Arch of the Meridian contained betwixt the ¡^ofihe e- 
Pole of the World and the Horizon , is called the Ele- UvatUr.cf the 
iation of the Pole, and fo likewife the Arch of the Me- 

ridian contained between the Equator and the Horizon , 1 ‘ ' 9 K ■' ,r " r ■ 
is called the Elevation of the Equator. 

17. Each of thefe two Elevations, is the Comple- 15-, Each of 
ment of the other to ninety Degrees , that is, either of them ’fefe ¡s t he 
being taken out of ninety Degrees , the Remainder is the 

Other. ninety De- 

16. Phe Circles ofDeclination ferve to íhew the Diftance s r f s - 
of any Star from the Equator; for what we cali the \l' c cLil'lf 

Declination Dedinatim. 


ys ROHAVLT’s System Partí!. 

"De clin aitón of a Star, is nothing el fe but an Arcb of 
otie of thefe Circles contained between the Star andthe 
Equator. 

17. The Ufe 1¡ 1 ■ The Azímuths ferve to íhew the Altitude or 
c f the Azi - Elevation of a Star above the Horizon, or how far it is 
mnihs. diftant from this Circle. 

18 . Another 18. The firft Azimuth being that which cuts the 
v/e'tfthtm Meridian at right Angles, and from whence we begin 

to number the reft ; it is evident, that if we know in 
what Azimuth any Star is, we can eaíily tell where to 
find it. 

19. The ufe 1 9. The terreftrial Equator divides the Earth into 
of the'aerre- two equal Parts, that in which the Arólick Pole of 

Ei ”“~ the World is, is called the Nórtb , and the other the 
South. " • 

no. Another ¿o. From this Circle we begin to reckon the Latí- 
ufe ofit. tude , fo that the Latitude of any Town or other Place 
of the Earth, is the Arch of a terreftrial Meridian con- 
tained betwixt fuch a Town or Place on the Earth and 
the Equator. 

a i. That the 2i. They who live in the terreftrial Equator, have 
Latitude 0/ their Zenith in the celeftial Equator, and they who live 
"vJ l t‘othe nt an y Number of Degrees diftant from the terreftrial 
Élevatión of Equator, have their Zenith as far removed from the ce- 
the Poieabo ve Jeftial Equator; and becaufe therey; always a quarter of 
the onzon. a Q rc i e cü ntained between the Zenith and the Horizon , 
this latter Circle muft: neceííárily be as far diftant from 
the Pole, as the Zenith is from the celeftial Equator : 
So that the Number of Degrees of the Elevation of 
the Pole above the Horizon, is always equal to the Num- 
ber of the Degrees of the Latitude ; wherefore if we 
know^ne of thefe, we know the other alfo. 

22 - jf iW to 22. In order to find the Elevation of the Pole above 
find ¡he Ele- the Horizon , we muft obferve the greateft and leaft 
'pe i'l'boíe ‘the Height an Y Star which never fets, and líalf the Diffe- 
Knfzm! ‘ rence of thefe two Heights, added to. the ieaft, or ta-' 
ken from the greateft, will give the Elevation of the 
Pole. 

13. An Ex- 23. Thus we obferve at París, that the leaft Heightof 
ampie. the Star next to the Pole above the Horizon is 46 Degrees 
2y Minutes, and its greateft Height yi Degrées, 2y Mi- 
nutes. The Difference of thefe two Pleights is y De- 
grees, the half of which is 2 Degrees 30 Minutes, 
which added to the leaft, or tafeen from the greateft 
Height, makes 48 Degrees yy Minutes for the Elevation 
of the Pole, and confequently this is the Latitude at París. 

24. U 
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24. It is to be obferved, that if a Star be at its leaft 2 4 - T f ,at che 
Height above the Horizon at a given Hour, it muft de- 
fcribe half its diurnal Circle, before it come to its greateft the Elevarían 
Height ; and becaufe this will take up twelve Hours, it is />««««• 
is evident, that the Star ought to be vifíble all that Time, mytn 
which íhews, that fuch Obfervations cannot be made but 
in the long Nights of the Winter. 

2 y. The Ufe of the firft Meridiana is tocut every Cir- 
ele of Longitude in a certain Point from whence we be- 
gilí to reckon the Longitude of every other Point in that 
Circle. Fot what we cali the Longitude of any Place 
upon the Earth, is nothing elfe but the Arch of any Cir- . 
ele of Longitude, contained betwixt the firft Meridian 
and that Place, counting from Wejl to Eaft : Thus we 
fay, that the Longitude of París is 23 Degrees 30 Mi- 
nutes ; by which we mean, that the Arch of the Circle 
of Longitude which palles through París , and is contain- 
ed betwcen that City and the firft Meridian, is 23 De- 
grees, 30 Minutes. 

26. PheCircles of LatitudenndtheCircles of Longitude, 2-6. The Ufe 
interfedt and divide each other mutually. And indeed if 

we fuppoíe, that there are three hundred and fixty Semi- ° ’ 

clrcles of Latitude equally diftant from each Bther, and 
one hundred and eighty Circles of Longitude equally di- 
ftant from each other alfo, they will divide each other 
by their Interfeclions into Degrees ; ío that if anyTown 
be upon the thirtieth Circle of Latitude, this íhews it 
to have thirty Degrees of Longitude ; and fo likewife, . if 
it be upon the fortieth Circle of Longitude, reckoning 
from the Equator to- the Pole, this íhews it to have forty 
Degrees of Latitude. 

27. Beíides thefe particular Ufes of the feveral Circles 

of the .Sphere now mentioned, there is one which is aUthe ¿rilen 
common to them all, and which ought principally to be 
confidered in this Place, and that is, that all of them to- 
gether, do firft help'us to determine the apparent Motion 
of every Star, by which Means we come to the Know- 
ledge of their true Motions. Let us firft examine that of 
the Sun, the Properties of which ought to be enquired 
into before we confider thofe of the other Stars, as be» 
ing molí neceíTarily to be known. 
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C H A P. Ví. 

Ob/ervations about the Sm's Motion . 

i. Tktfirji *~jp H E Sun feems to us to defcribe every Day from 
Phxmmemn. Eaft to Weft, a Circle parallel to the Equator. 

а. The fecond z. We obferve, that the Sun does not defcribe an ex- 
Phmmcnon. aét Circle every Day fucceííively, for it does not rife pre- 

cifely in the fame Point of the Horizon any Day that it 
• did the Day before. 

5 . The Mrti 3. The Sun fo alters its Courfe, in paffing crofs the 
vhmnmtnm. Horizon and Meridian , as to make a great many Revolu- 
tions in the Northern and a great many in the Southern 
Parts of the World. 

Thefonrth 4. There are certain Limits in the Horizon and in the 
Thtmmenm. MeridiaK , which the Sun never paíles ; thefe Limits in 
the Meridian, are twenty three Degrees and aHalf diftant 
• from the Equator on each Side. 

5 :. Thejifth y. Wheri the Sun rifes near either of thefe Limits, the 
Phemmemn. p] ace G f j [S r ifíng, and alfo that where it croífes the Me- 
ridian, is lefs feníibly altered, than when it is near the 
Equator. 

б. The jixth 6. The Sun moves ílower from Eañ toWefl than 
thenmcmn. the fixed Stars, as is eafy to be obferved ; for if at any 

Time we fee a Star in the Meridian two or three Hours 
after the Sun is fet, and look upon the fame Star a 
Month after at the fame Hour from Sun fet, the Star 
will be got thirty Degrees diftant from the Meridian. 

7.7 ’hefeventh 7- The Sun appears bigger in the Southern Part than 

Phemmemn. jn the Northern. 

8. Theeíghth 8. The Sun makes feven or eight Revolutions more 
Phemmemn. ¡ n t h e Northern than in the Southern Part. 
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Conjetures bow to explain the Pbanomena of the 
SV N. 

L ET as imagine in the Sphere of the World, a Cír- f °{ c u h ,¿ C! t T h ] 
ele, whofePoíition isfuch, thateutting the eseleftial ‘eJÜcíL 
Equator in two Points diametrically oppolite to each 
other, it makes -with it an Angle of twenty three De- 
grees and a half: This Circlewe lhallhenceforth cali the 
Ecliptick. 

2. Let us imagine further, that the Sun is fo carried í s ‘ u ;f ¡ th ‘ 
from Eaft to Weíl by the common Motion of the momÍ'.' 
whole Heavens, that whilft it goes once round in this 
manner, the Place of the Heavens in which it is con- 
taíned (and which may be called its own particular Hea- 
ven) carries it from Weft to Eaft in the Plañe of the , 

Ecliptick, in which it advances near a Degree every Day, 
in a Circle whofe Circumference is not every where 
equally diftant from the Earth, but is a little nearer it 
in the Southern Part of the World, than in the Nor- 
thern. 

3. This Circle, whofe Center is different from the 
Center of the Earth, is called the Sun’s excentric Orbit : tr ; c k Orbit," 
That Point of it, which is at the greateft Diftance from and of its a- 
the Earth, is called the Apogaum , and that Point which 
is neareft, is called the Perigceum. 

4. By means of this Hypothefis, of which Hipparchus 4. This is 
was the Inventor about one hundred and twenty Years 
before theBirth of ourSaviour; not only all Pbamomena aídfJmaii 
which we juft now mentioned, may be accounted for, thePhmam- 
but all thoie likewife, which may be here or elfewhere aa ‘ 
obferved. 

y. And firft , Becaufe the whole Heavens move round ?■ Wfy the 
from Eaft toWeft, it is evident, that the Sun muft like- 
wife move round in the fame manner, and deferibe a Eaft « Wrft. 
Circle parallel to the Equator. 

6. Secofidly, Becaufe the Sun goes forward near a De- 6 - {% *”* "* 
gree in the Ecliptick every Day, it muft change its De- 
clination every Day, that is, its Diftance from the Equa- Hnkm. 
tor ; and confequently it muft rife every Day in a diffe- 
rent Place, and never croís the Horizon two Days toge- 
ther in the fame Point. 




7 . ‘Fhirdly, 

■ % 


i6 

y. Why it 
dejcribcs Ch- 
iles, both in 
the Northern 
and Southern 
Parts. 

8 - Why there 
are certain 
‘Ponnds in 
which the San 
rifes. 

9, Why the 
Sun does not 
a/terits Pla- 
ces of Rijing 
and Seiting 
every Day e- 
qually alike . 


10 . Why the 
Sun moves 
Jlovocr from 
Eafi td Wefl , 
t han the fix- 
ed Sears do. 

11 . Why the 
Sun appears 
fometimes 
biggervdhanat 
other Times. 

12 . Why the 
Sun deferí bes 
more Reiohi- 
tions in the 
Northern 
tkan in the 
Southern 
Parts. 


13 . Why the 
Days are not 
all of an e- 
qual Léhgth. 
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7. Thirdly , The Ecliptick extending itfelf both into the 
Northern and Southern Part of the World; the Sun in 
paffing through all the Degrees of it, muft neceíTarily 
malte a great many Revolutions on each Side of the E- 
quator. 

8. - Fourthly , And becaufe it never moves out of the E~ 
cliptick , it can never be further diftant from the Equator, 
than the Ecliptick itfelf is ; therefore there are certain 
Limits both in the Horizon and Meridian , beyond which 
it never paífes. 

9. Fifthly , As the pofítion of the Circumference of the 
Ecliptick in the Heavens now is, the extreme Parts of 
the lame Degree are not fo unequally diftant from the 
Equator, in thofe Places of the Ecliptick which are fur- 
thfft from it, as in thofe Places where thefe Circles in- 
terfeét each other. Wherefore the Sun ought not fo fen- 
iibly to alter its Diftancefrom the Equator every Twenty- 
four Hours, whenit is near thofe Points where the Eclip- 
tick and Equino&ial Circle are at the greateftDiftance, as 
when it is near where they interfeQ: ; and confequently it 
muft at that Time Íeís feníibly alter its Place of Riinig 
and Setting and crofllng the Meridian every Day. ■ 

10. Sixthly, The Motion of the Sun, from Eaft to 
Weft, ought to be fo much ílower than that of the 
fixed Stars, as it advances every Day towards the 
Eaft. 

11. Se.venthly , The Sun being neárer the Earth when it 
is iá the Southern Part, than when it isin the Northern, 
it ought to appear bigger in the one than it does in the 
other. 

12. Eíghthly, Becaufe there is agreaterPart oftheSun’s 
Excentrick Orbit contained between the Equator and the 
Ar&ick Pole, than between the fame Equator and the Ant- 
arctick Pole, therefore the Sun has more Degrees to pafs. 
through, and confequently more Revolutions to make 
in the Northern, than in the Southern Parts of the 
World. 

13. Now if we look upon an Artificial Sphere, which 
reprefents the nat ural Globe of the World, we íhall fee 
that amongft all the diurnal Circles which the Sun de- 
ferid es every Day, it is the Equator only which is cut 
into two equal Parts by the Horizon, and that thofe Cir- 
cles which are on the: Northern Part of the World, have 
the Diurnal Arch bigger than the No&urnal, and thofe 
on the Southern Part, have on thecontrary, theNoftur- 
nal Arch bigger than the Diurnal ; henee it neceíTarily 

fol- 


Chap.7* °f Natural Philo sopiiy. ij 

follows, that when the Sun is in the Equator, theDays 
and Nights muft beequal, when the Sun is in the Nor- 
thern Parts, the Days muft be longer than the Nights, 
when it is in the Southern Parts, the Nights muft be 
longer than the Days. 

14. We íhall alfo fee that the DifFerence betwixt the 14- Ws 
dinrnal andnoéhirnal Archof one and the fame Circle, 
is fo much the greater as the Circle is further diftant “¿y, 
from the Equator ; whence it follows, that the longeft 
Day muft be, when the Sun is at its.greateft Diftance 
that it can be from the Equator on that Side where the 
viíible Pole is; and on the contrary, the íhorteft Day 
muft be when it is furtheft diftant towards the inviíible 
Pole. 

. iy. If we place the two Poles of the artificial Sphere if That the 
in th & Horizon, in order to reprefent the Situation of the TnliTare 
natural Globe, with refpeét to thofe People wholive ín aimays %«ai 
the Equinoótial Circle, we íhall íée that all thé diurnal them 
Circles are divided into two equal Parts; and there- l ‘¿ s " a ’^ r ertht 
fore to thofe People the Days are always equal to the 
Nights. 

1 6. We may obferve alfo, that the further any Place is 16. The furs 
diftant from the Equinoétial Line, and confequently the 

higher the Elevation of the Pole b,e, fo much the greater the°E q aIL, 
alio will the diurnal Arches be than the Nofturnal, 011 the lm &" 
that Side where the Pole iselevated :Whenceit follows , tkc Day ‘‘ 
that when the Sun defcribes thefe Arches, the Days ought 
to be longer than the Nights in proportion to the Diftance 
from the Equinoótial Line. 

17. The diurnal Circle, which the Sun defcribes when 17.7 haithm 
it is at the greateft Diftance from the Equator towards » 07 ie Day , 
the vifible Pole, being diftant from the Equator 23 De- 

grees and 30 Minutes , it follows, that itis diftant from Seré 'The 
the Pole of the World 66 Degrees and 30 Minutes. Latitmk of 
This being fo, thofe People who are in the Latitude of ** 

66 Degrees and 30 Minutes , which is the heighth of 30 UifZ‘e¡j 
the Pole to them ábove the Horizon, muft neceífari- 
ly fee this whole diurnal Circle ; whence it follows, that 
they have one Day Twenty-four Hours long. 

18. By elevatingthe Pole of the artificial Sphereabove 18 .Thatthfe 
the Horizon to the Zenith, fo asto reprefent the Sitúa- 

tion of the natural Globe, with regará to thofe People 
who live upon the Pole of the Earth ; we íhall fiud the N¡ g hc of f,x 
cceleftial Equator to coincide with the Horizon ; and Umths *"*« 
therefore, fo long as the Sun is in that Part of the 
World, where the Pole is elevated, it will be always 

V o 1. II. B viíible 
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vifible to that People, that is, it will be Day all that Time ; 
and on the other Hand, as the Sun will be inviíible as long 
as it continúes in the other Part ofthe World, it follows, 
that their Night will be very near as long as their Day was. 
ty.What the We ¡ ma gj n e the Ecliptick, aswedoall theother 

Zotla i[k js. (Jireles 0 f the Sphere, not to have any Breadth; but we 
take a Breadth of fíxDegrees on eachSideof the Eclip- 
tick to compofe a Breadth of twelve Degrees, to which 
we give the Ñame of Zodiack ; fo that we may fay, the 
Sun is always in the Middle of the Zodiack. 

¿o. ofthe 2,0. This Circle is commonly divided into twelve 
tache Signs. equal Parts, which are called the Twelve Signs, theorder 
of which is reckoned from Weft to Eaft, beginning at 
the Point where the Equator and Ecliptick interfeób 
each other, and where the Sun by its proper Motion 
paffes from the Southern to the Northern Parts of the 
World. 

ÍU 0 f ¡he ai. The Ñames which the Antients thought fit to 
Ñames ofthe gíve to the Signs, are, Aries, Taurus , Gemini , Cáncer , 
S¡gns. Leo, Virgo, Libra, S cor fio, Sagittarius, Capricornus , 
Aqmrius, and Pifces. 

ií.mence 22. Thefe Ñames are taken from the twelve Conftella- 
thefe Ñames tions which were in thefe Signs in Plipparehus's Time; 
aert barrenea g ut they have changed their Places fo much lince, that the 
Conflellation called Aries, is got out of the Sign Aries 
into that of Taurus, and fo of the reft. 
i 3 . ofthe 23. There are four remarkable Points in the Ecliptick, 
Ér¡Hhf>a¡»l two of which are in thofe Places where the Ecliptick 
Poims. and Equator interfefl each other, which are called the 
Equinottial Points in particular, becaufe when the Sun 
is in thefe Poinft, it istheEquinox, that is, theDaysand 
Nights are equal. 

0 r thc 24. The other two Points are in thofe Places which 
SoijHtes. ‘ are furthell diílant from the Equator, and are called the 
Solftices, thatis, the Points where the Sun feemsto íland 
ílill ; not that when it is got thither, it does not move 
as ufual, either with that Motion which it has in com- 
mon with the Heavens from Eaít to Wefl, or with its 
own proper Motion in its Heaven from Weft to Eaft; 
but becaufe it does not feern to advance either towards 
the North or the South. 

xs. ofthe When the Heavens turn round in twenty-four 

cteeTrepitkii Hours, the Solftitial Points defcribe twoCircles parallel 
to the Equator, which are called the Tropicks; that is cal- 
led the Tropick of Cáncer, which is defcribed by the firft 
Point ofthe Siga Cáncer-, and that is called the Tropick of 
4 Ca- 
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Capricorn, which is defcribed by the firft Point of the 
Sign Capricorn. 

26. As the Eclíptick is Twenty-three Degrees and a o-6. Ofthe 
half diftant from the Equator, fo are the Poles of the F ° Iar Cmltu 
Eclíptick as far diftant from the Poles of the World: 

Whence it follows that by the diurnal Motion of the 
Heavens, the Poles of the Eclíptick muít defcribe Cir- 

cles parallel to the Equator, which are Twenty-three 
Degrees and a half diftant from the Poles of the World, 
and thefe are called the Polar Circles. 

27. If we transfer the two Tropicks, and the two Polar fj- °f tfl * 
Circles to the Surface of the Earth, it will be divided ’ 
into five Parts which are called the five Zones ; that 

which is contained between the two Tropicks , is called 
the Torrid Zone ; thofe which are contained between the 
Tropicks and the Polar Circles, are called the Températe 
Zones ; and the two remaining ones, each of which 
are comprehended in a Polar Circle, are called the Fri- 
gid Zones. 

28. The Time in which the Sun goes through the 18. ofaTear, 
whole Eclíptick, is called a lear, and is 3 6y Days, y ^theUogth 
Hours and about 49 Minutes. 

29. That this Year might obtain all over the Román w- ofthe 
Empire, and that the y Hours and 49 Minutes which 

the coinmon Year confifts of above góy Days, might ¡ s mt exaíl. 
make the leaft Error that could be ; Julias C cejar ap- 
pointed, that for the future, every fourth Year íhould 
confift of 366 Days; by this means the Year would not 
be above eleven Minutes , or thereabouts, longer than it 
íhould be ; which was thought to be ah inconíiderable 
Error. 

30. However, this Error fo increafed by little and 3 o - ofthtr 
little in length of Time ; that whereas in the Dimes 

ofthe firft Chriflians, the Sun entered into Aries not till 
the twenty-firft Day of March , fifteen hundred Years 
after, it entered the eleventh, which is ten Days diffe- 
rence : And this was the Reafon of Pope Gregory the 
XlII’s ordainihg, that this Error of ten Days íhould be 
taken out of the Year iy82, fo that inftead of confift- 
ing of 3Óy Days, it íhould confift only of gyy: And 
becaufe in length of Time the fame Error would hap- 
pen again, if there were no regulation made, he ap- 
pointed, that in the firft Year 01 every Century, escept 
every four hundredth Year, the intercalated Day íhould 
be left out. 
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31. Whythe gi. As the Erigíijh and fome otherNations have not 
fenmtunby received this Alteration, fo they difrer ten Days in the 
diffamt J Dates of their Lettcrs. Thus when we reckon it the 
Nsticru the twenty-fifth of 7 anuary, they reckon it but the fif- 

fume Day, de A J ’ 

not altoave iceillíl. 

32. The Time which the Sun takes np in pafling 
through the Signs, Aries , Taurus, and Gemini , is cal- 
led the firfl Seafon of the Year, or the Spring ; and as 
the Sun is found to be in the firft' Point of Aries , about 
the twenty-firft Day of March ; the Spring begins upon 
that Day. 

33. The Time in which the Sun paíTes through the 
three folíowing Signs, wz. Cáncer , Leo , and Virgo , is 
called the Summer ; and begins about the twenty-firft of 
7 une . m 

34. The Time in which the Sun paíTes through the 
Signs, Libra , Scorpio , and Sagiítarius , is called the 
Autumn , which begins about the twenty-third of Sep- 
tember. 

3f. And the Time which the Sun paíTes through the 
Signs Capricorn, Aquarius , and Pifces, is called Winter, 
and begins about the .twenty-firft of December. 

36. Thefaifty 36. We find it hotter when the Sun is near theSum- 
oftheummon mer than when it is near the Winter Solftice ■ which 
Rtefm ai- j ias ]-, een hitherto attempted to be explained, by faying, 

that the Rays of the Sun fall lefs oblique upon the Sur- 
face of the Earth in the Summer than in the Winter. 
But this Opinión appears very improbable, if we coníir 
der that the Superficies of the Earth is notfmooth likea 
Looking-Glafs, but very rough and unequal, fo that the 
Rays fall perpendicular upon as many Places ín Win- 
ter as in Summer. 

37. m tme 37 - We may with more Probability fay, that the Su- 
Reafm vehy perficies of the Air in which we live, when it is at the 

Height of about two or three Leagues , where there is 
never any Winds or Clouds, is perfedly fmooth and 
even, llike all other Liquors which are not in Motion ; 
and as it is theProperty of the Rays of Light when they 
are about pafling out of one Médium into another, not to 
enter all of them, 1 but to be refleded in a greater Num- 

ber, 


not always 
agree. 

3a. Of ¡he 
Spring. 


33.O/ the 
Summer. 


34. Ofthe 
ylttttimn. 


5f. Of the 
Winter . 


ledged for its 
being hotter 
in Summer 
than in 
Winter . 


it is hotter in 
Summer than 
in Wintr. 


1 *Btet to be rejleficd in a greater 
Number) To this we may add, that 
rhe more oblique the Rays fall, be- 
fídes their being hindered by Reflec- 


tion, the thinner they fall, even from 
the very Na ture of Obliquity both up«» 
on the Atmofphere,and upon the Sur- 
face of the Earth. Thus the Rays 
B G 
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ber, as they fall more obliquely ; it follows, that tbere 

I rruid come a greater Number of Rays to us, when tbe 
Sun is near the Summer, than when it is near the Win- 
Eer Solílice. And from this greater Number of Rays 
which come to us at that Time, arifes the Heat which 
we feel in Summer. 

38. Henee we may conclude, that the nearertheSun ¿s.Thnear- 
approaches the Zenith of any Place, the hotter it is : f P'^e 
Thus, becaufe it approaches nearer the Zenith at Rome , 
than at París , therefbre we find it is hotter at Rome than u n e, thsht- 
at París. tsr !í is - 

39. We may conclude alfo, that it is hotter under the 39 . mutis 
Equinodtial Line, than in any other Part of the Earth ; bmefi a {( 
as well becaufe the Sun paífes twice in a Year through ™í i ‘ T ths 
the Zenith of thofe who live there, as becaufe it is 
never fo far diftant from their Zenith, as from that of 
others. 

40. However, itmayfa> happen, that Experience may 40 . Particn- 
feem to contradidl this Argument ; for there may be, u* Caufes, 
in fome Places, particular Gaufes which may augment 
or diminifh the general Caufe. The particular Caufes AiteratíL in 
are thefe three ; the Winds, the Quality of the Earth, the swai 
and the Situation of it. For, Ar//, It is certain, that c “’ 1 ^' 
the Winds- which blow from the Sea totheLand, muí! 
very much abate the Heat. Secondly , The more fandy 
the Earth is, the fewer of the Sun’s Rays does it ab- 
forb; and confequently, beíides the Heat which they 
caufe by falling dire&ly, they muí! alfo increafe the Heat 
of the Air by being refleéled. Laftly , The lower any 
Place is (provided the Sun comes as much to it) th’e 
groífer and thicker is the Air, which therefore caufes us to 
feel the Heat more. 

41. When the Sun’s Motion is once eílabliílied ac- 41. u e n u 
rording to the Rules of Geometry, it is very eafie to fi nd ch = s*n’¡ 
make Tables which fhall lliew in what Point of the 
Ecliptick the Sun is everyDay: There are alfo Tables 
which contain the Declination of every Point of the 
i Ecliptick, fo that we can know exadlly the Declination 
of the Sun every Day at Noon. 


BC when they fall perpendicular- 
ly, are all of them 
Tab. XVII. received by the Su- 

Fig. 4- perficies SG; but 

>vhen the fame Rays 


M O fall oblique, they take up a Iarger 
Superficies DH, and therefore caufe 
lefs Heat begaufe they are thin- 
ner. 
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How tt 42,, Henee wemayeaííly fíndtheLatitude of the Place 
íhíde'of añy where we areany Day of the Year, provided the Air be 
place where clear. For we need only take the Meridiau Altitude of 
acare. the Sun with an Fnftrument, thatis, itsgreateft Altitude 
that Day ; then if the Sun be in that Part of the World 
whofe Pole is invilible, add its Declination to the Me- 
ridian Altitude, or if it be in that Part of the World 
whofe Pole is vifible, fubduñ this Declination from 
the Meridian Altitude, and theSumorDiíferencewillbe 
the Altitude of the Equator, the Complement of which 
to 90 Degrees is the Elevation of the Pole, which is 
equal to the Latitude fought. 

43. 0/ the 43. 1 Henee we may alfo fínd what the Latitude of any 
C h!a“tTfind Pl ace tnuft be, that the longeft Day ofSummer may be 
the Nirmbcr of agiven Length : Whence we may determine the Big- 
ofthem. ne fs of every C límate : For by the Word C límate - , we 
mean, a fraéi of the Earth comprehended betwixt twe 
Gíreles parallel to the Epuatov, at fuch a Dijlance from 
each other , that there is half an Hour’s Dijference be tuteen 
the longefi Day ofSummer intheone , and the longeft Day 
of Summer in the other. 

^Thatthirt 44 - The further we go from the Equinoñial, z the 
aretwnty more the longeft Day increafes, till we cometo the Po- 
Pct'men’tlT * ar Cítele, where the longeft Day is twenty-four Hours ; 

Equator and that 


each Polar 
■tyrclca 


1 Henee we may alfo find, &c.) 
The greateíl Declinación of che Sun 
being given. Forwhen the Sun ri- 
fes in the Trbpick, we may imagine 
a fight-anglcd fpharícal Triangle 
compofed of che Complement ofthe 
forementioned Declinación as che 
Bafe, and the fought Altitude of 
the Pole, and the Arch of the Hori- 
s ion concained becween the Sun and 
rhe Poinc where the Meridian cuts 
the Horizon in che Northern Parts 
as che Sides. Now in this Triangle 
the Bafe is given, and the acute An- 
gle at the Pole is alfo given, by 
mean s of the adjoining obtufe An- 
gle, vfe, half the given Length of 
the Day, converced into Degrees, 
in the Equinoftial Line ; from whence 
may be found che Altitude of the 
"Polefoughr. So likewife the Length 
cf the longeíl Day may be found, 
if che Altitude of the Pole be given. 
£ut if we would know the Length 
of rhe concinual Days in thofe Pla- 
ces v/hich are within the Polar Cir- 
r)es., v\%, in the Monthly C Innatos 
(See Art. of ibis Chap.) we muíi 


take the Altitude of the Pole out of 
ninecy Degrees, and the Remainder 
will be the Declination of the Be- 
ginning of that Arch in che E^clip- 
tick which is always elevaced above 
the Horizon; twice the Diftance of 
which, beginning from the Begin- 
ning of Cáncer ¡ will make the whole 
Arch that is always vifible; How 
long theáunis moving through this 
Arch, muftbehadby computing his 
true Motion from che Aftronomical 
Tables. By the fame Method onthe 
concrary, from the given Length of 
the concinual Day, may be found the 
Altitude of the Pole in any of thefe 
Monthly CUmates. 

2 The more the longefi Day increa- 
fes, &c.) Not only the longer, buc 
the more unequally longer alfo, as is 
evident from the following Article. 
In order therefore to explain chis greac 
Inequaücy of che Climares, Jet us 
fuppofe a greac many obligue Hori- 
zons tet be made by receding with 
en equable Motion from that which 
is called the right Horizon ; ic is e- 
videflC, that all thefe Horizom by 
• theiy 


2 ? 
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that is, twelve Hours, or twenty-four half Hours longer 
than under the Equator: Whence ¡tfollows, thatthere 
Ériuñ be twenty-four Climates, betwixt the Equinoctial 
and the Polar Círcle ; and becaufe the longeíl Day at 
Parts is fixteen Hours, that is, eight half Hours lon- 
ger than under the Equinodtial Line ; therefore París is 
fítuate in the End of the eighth, or the beginning of the 

ninth Climate. 

4 f. When we go beyond the Polar Circle towards 4L 
the Pole, we (hall find a very great_ Increafe of the Ion- a¡‘^ e n s \\ h m ‘ 
geít Day of Summer ; wherefore in thofe Places, we ymí ¡ t ht p,- 
mean by the Word Climate, a Traél of Land, comr Cirtic. 
prehended between two Circles parallel to the Equator, 
at fuch a Diftance frorn each other, that there is a 
Month’s Difference between the longeíl Day of Sum- 
mer in the one, and the longeíl Day of Summer in the 
other. Now becaufe at the Pole it felf, it is continual 
Day for íix Months, therefore there are ííx Climates 
betwixt the Polar Circle and the Pole. 

4 6 . As many Climates as there are betwixt the Equi- 4«- Why tht 
noctial Line and one of the Poles, fo many ought we 
to imagine betwixt the fame Line and the other Pole ; man y ciu 
whence it follows, that there are íixty Climates in all. ‘he 

This does not indeed agree with the Writings of the An- Modcrns - 
tients, who did not reckon near ib many, but the Dif- 
ference arifes from henee; that they confined the Word 
Climate to the habitable Parts of the Earth ; and be- 
caufe the Zories towards the Antarélick Pole were 
unknown to them and efteemed inhabitable, as well as 
the torrid Zone, and the Northern Erigid Zone, there- 
fore they reckoned but a very few Climates. 


their Interfe&ions with the Semi- 
circleof iheTropick that is elevacing, 
will form Chords diftant from each 
other by fuch unequal Arches, that 
thofe of them which are formed by 
the moftoblique Horizons* areagreat 
deal further diñant from each other, 
than thofe of them whicj are form- 
ed by the leañ oblique Horizens ,• 
much afeer the fame inanner, a» the 
Arches contained between the Ex- 
tremes of two Chords at fome Diftance 
from the Diameterof any Circle, are 
greater than thofe between two Chords 
at the fame Diftance from each other, 
which are nearer the Diamecer. By 
the fame Similitude, may that other 
Inequality of the Monthly Climates 
exolained, if we imagine diurnal 


Circles co form Chords in the fame 
manner, by their Interfe&ions with 
the Ecliptick. For it will appear» 
that tv/o fuch Chords that are near 
the Tropiái contain bigger Arches of 
the Ecliptick between their Ex- 
tremes, than two at the fame Dif» 
canee from each other which are 
nearer the Equatorj and the diurnal 
Circles which are near the Tropick, 
may be conceived to be much chick- 
er and clofer than thofe near che 
Equator, and therefore there is no 
need of receding fo much from a 
right Sphere , in order to make thir- 
ty of the chickeft of them rife.en- 
cirely abové th eHorizon, as to make 
fo many of thofe which are not ib 
thick, rife. 

B 4 47 - That 
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47. That the 47 . That we may not omit any Thing relating to the 
Stm’s Apo-^ g un ^ we mu ^. not j ce5 tha.t his Apogaum has altered 
fmXanáhu its Place in the Heavens ; for at the Time of our Sa- 
ExantrUity yiour, it was iii the Eighteenth Degree of Gem'mi , and 
dimwijhid. now j t ¡ s ¡ n a bout the Eighth Decree of Cáncer. It is 
obferved alfo, that the Diítance between the Center of 
the Earth, and the Center of the Sun’s excentrick Orbit, 
which is called his Excentricity , is not fo great as it was 
formerly ; fo that the 'Sun is not fo far diílant from ns 
in Summer as it was, but a little further diílant in 
Wínter. 

'48. That 48- The Progrefs of the Apogteum, and the Dimínu- 
thefe Atura- tion of th e Excentricity, are not according to any Rules, 
Vu uJar VCry allG Hypothefes hitherto made, therehavebeen 

nrcy. ar. none t h a t wouíd entirely agree with the Obfervations 
made by Aftronomers at different Times. 


C H A P. VIII. 

Obfervations and Conjetures about the fixed Star si, 

1. menee it ID ECAUSE it will take up a great many Ages to 
is that Ajiro- J3 obferve the Phtenomena of the lixed Stars ; and be- 
^Zuaimd cau ^ e l ate obfervers have taken notice of many Particu- 
alwttheMo- lars, which efeaped thofe who went before; therefore 
tion ofthefix- there have been very different Conjetures made from 
id Stars. t j m e to time about their Motions. 

a Híppar- 2 - Hipparchíts lived the greateíl Part ofhis Life, with- 
chus thrnght ont obferving any Thing more of the fixed Stars, but 
that the fixed that they moved fromEaft toWeíl in Circles which. ap- 
fnh¡rZ VCA P eared exatly parallel to the Equator: which made him 
EnJeoWrjl. conclude, that they were all placed in the fame folid Hea- 
ven (uihich is called the Pirmament) which he fuppofed to 
be'beyond all the Planets; and befaufe he díd not 
fee any Necefíity that this Heaven fhbuld derive its' 
Motion, which is a limpie one, from any other Hea- 
ven above it ; he therefore affirmed this to be the laíl 
of the Heavens, and that it turned all the others 

i \ Beyond all the Planets , &q.) J Sears. See the Notes en Chap. xxvi 
Cóncerning che Diítance ofehe fixed j Are. 3. pftbit Pare , 


round 
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round along with it, and therefore is the Primurn Mobile. 

3. I-t being then the Opinión of Hipparchus, that the 3 ■ ’Hmhtde- 
fixed Stars never altered their Places in the Heavens, he 
thóught they would be of ufe to determine the Cour- and Lat¡- 
fes of the Planets ; in the fame manner as Rocks in the u ‘ de °f* he 
Sea are tríade ufe of to obferve the Courfe of Ships whicfr Stxrs \ 
leave no Tra£t behind them: He therefore imployed all 

his Pains, to meafure the Diftance of every fixed Star 
from the Ecliptick, which is ealled the Stars Latitudes 
and to find out how many Degrees and Minutes of 
the Ecliptick, reckoning from Weft to Eaft, there were 
between the firft Point of the Sign Aries, to the Point 
direétly againft every fixed Star ; which is ealled its Lon- 
gitude : But he being prevented by Death, it was leftto 
Pofterity to finiíh w-hat he defigned. 

4. Ptolemy , wbo lived about two hundrea Years af- 4. Tht app 
ter Hipparchus , propofed to eftabliíh the Motion of the r ‘ nt 
Planets; andhaving the Curioíity to obferve whether his stñrsfiom 
Predeceífor had been exafl in determining the Longitude W'ft Eafi 
and Latitude of the fixed Stars ; he obferved, that °V erwd kt 
their Latitude was exañly the fame as Hipparchus fouud Pl0em5 ’* 

it, but that their Longitude was increafed two De- 
grees. 

y. From henee he concluded, that befides the Moti- ¡r.ThePem- 
on of the fixed Stars from Eaft to Weft in twenty-four dic A T,mí °í 
Hours, they had another Motion from Weft to Eaft in ‘ h ' s 
Circles parallel to the Ecliptick, in which having advan- 
ced two Degrees in two hundred Years, their periódica! 
Revolution would be compleated in thirty-íix thoufand 
Years, 

_ 6. And becaufe the Firmamentcanhave but one Mo- 6 . Boa a 
tion only belonging to it, he aferibed this Motion of Thir- r "™ • 
ty-lix thoufand Years tothis ; and madethediurnal Mo- Yot^att’íh- 
tion from Eaft to Weft , to depend upon another Hea- ed, díjiinii ‘ 
ven which is beyond it : And thus the Primum Mobile , M*» theF ^ 
as a. Heaven in which there were no fixed Stars, and 
which included the Firmament in it, began to be re- 
ceived. 

7. The Aftronomers who have been lince Hipparchus , 7 . rhat tUe 
have acknowledged the Motion of the fixed Stars from p^reSsc/ 
Weft toEaft, which is increafed fo much, that the Lon- 
gitude of every fixed Star is become about 28 Degrees wífi ¡¡ ¡nt- 
more than it was in our Saviour’s Time ; but becaufe ¡« lar . 
this Progrefs hath been unequal in different Centuries, 
there have been different periodical Times afligned. Some 
have affiriíjed, that ittakesup forty-nine thoufand Years 

to 
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to compleat an entire Revolution of them, others but 
twenty-five thoufand, and others ílill different: But 
later AJlronomers , who had the Advantageofthe Obíér- 
vations of others, have declared the Motions of the fix- 
ed Stars to be irregular, and that it is impoffible precife- 
Iy to determine the Time of their Revolution. 

8. Becaufe this Opinión did not agree with the Fol- 


ta be c(ta- 

blijhed . 


Heai/enum lowers of Arijlotle, who affirm, that the Heavens can- 
not be fubject to any Alteration; therefore it feemed 
more probable to fome, that the Firmament it felf mo- 
ved exadtly regularly, and thatevery Irregularity was to 
be afcribed to lome external Caufe: Whereforethey ima- 
gíned a certain Heaven to be betwixt the Firmament 
and the Primum Mobile , which by its own proper Moti- 
on, Iibrated fometimes from Eaíl to Weft, and fome- 
times from Weft to Eaíl, and by th^t means accele- 
xated and retarded the apparent Motion of the fixed 
Stars byTurns. This was called the Chryjialliae Hea- 
ven. 

jmeiaum o 9- R to be obferved further, that the Ecliptick, 
th-^DuthL which is now twenty-three Degrees and a half diílant 
tim ofthe e- from the Equator, was diílant from it twenty-three 
Degrees and fifty-two Minutes in Ptoiemy ' s Time : 
In order to account for this Alteration, they imagincd 
another Chryílalline Heaven ílill, which they made 
to líbrate from North to South, and from South to 
North. 

io. Whatever the Progrefs of the Firmament be, 
whether regular or irregular, fínce there is no feníible 
TiurTa‘ h Mo- Dífíerence during a Man’s Life, it is fufficient for any 
tiontfthefix - Aílronomer to obferve once in hisLife, the Longitude 
and Latitude of the fixed Stars, in order thereby to de- 
termine the Motion of the Placees. 


Of the 
Alteration of 


cliptick , and 
the efiablifh" 
ing a fecond 
Chryjlalline 
Heaven . 

io. That 
APronomers 
veed only to 


ed Stars, 
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CHAP. It. 

Obfervat'ms about the MOON- 

I F we make the like Obfervations about the Moon that r .The firfi 
we have done about the Sun, we (hall find that their 
Phasnomena are pretty much the fame. For firft we Mwn. 6 
obferve, that it moves round the Earth every Dayfrom 
Eaft to Weft in a Circle which feems parallel to the 
Equator, 

2. But by daily Obfervatlon we fina, that it is not 2. Thefumi 
an exadt Circle which it defcribes, becaufe it alters its 
Places of Riíing and Setting every Day ; and that fo 
fenfibly, that this Alteration is as much in one (ingle 
Day, as that of the Sun is in thirteen or fourteen 
Days. 

3. There are Limits in the Horizow and Meridian, 3 . The thhi 
beyond which the Moon never palles, and they are very obfetvátim. 
near the fame with thofe of the Sun. 

4. The Moon moves llower from Eaft to Weft 4. Thtfmth 
than the fixed Stais, as may eaíily be oblerved in one obfervat >m. 
Night. 

y. The following Conjeturéis built upon thefeOb- s-J^tihepe 
fervations, viz. that whilft the Moon is carried from Eaft aríW^ffiU- 
to Weft by the Primum Mobtle , it has alfo a proper ent lo detcr - 
Motion of its own from Weft to Eaft in a Circle which 
cuts the Equator, and declines very near as much from 
it towards the Poles, as the Ecliptick does ; but whe- 
ther this Circle of the Moon be the fame as the Eclíp- 
tick or diíferent from it, cannot be determined by the 
Eyc. 

6 . We muft therefore have recourfe to the Method 
propofed by Hipparcbus , viz. to meafure every Day the Mmn-sfraper 
Diftance betwixt the Moon and two fixed Stars, 1 whofe 
Longitude and Latitude areknown, in orderto find the 
Londitude and Latitude of the Moon every Day : Here- 
by we lhall fee that the Moon advances every Day a- 
bout thirteen Degrees and a half from Weft to Eaft, in 
a Circle which cuts the Ecliptick, and deviates from it 
about five Degrees on each Side, fo that it goes through 


th« 


I, Whofe Longitude and Latitude \ Jirón. pag. $02,» 
4 rc knojpn> &c.) S$e Mcrcator’s * 4 - j| 
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the whole Gírele ín twenty-feveu Days and a balf, or 
thereabouts. 

7 .ofthiPe- y. This Time ís what ■wecall theMoon’s Periodical 

’Í odi ‘^ Month , and ought not to be confounded with another 

Mmths. Sort of Month which ís called Synodí'cal, and which con- 
fifts of twenty-nine Days and a half, which the Moon 
taires up from the Time that it is in the fame Degree 
of the Zodiack with the Sun, to the Time that it meets 
with it again in another Degree thereof. 
s .What the g, When the Sun and Moon meet together in the fame 

th?s”mlnd Degree of the Zodiack, it is called a Conjunción of the 
Moon, or Sun and Moon , or, the New Moon. 

tnbnt the Ñero p. When the Sun and Moonare ninety Degrees diííant 
’tf’mltthc from each other, it is called the Quadrature, or Ühtarter 
finadratme of the Moon , which happens twice every Month. 
"¡hfiímnif IO ‘ When the Sun and Moon are a hundred and Eighty 
io ‘.oftke'dp- Degrees diftant from each Qther, it is called the Oj?po- 
pojimnorFnllJltion , or Full Moon. 

M ° on ¿r the ix. At the Time of the Conjnnftion the Moon can- 
Afbi m’sAp- not be feenatall ; but one or two Days after, it appears 
pearancc mar horned , and the Horns are always turned towards that Part 
the Conjr.nBi- Q f jfjg fq eavells which ÍS oppofite tO the Sun. 
iz.How it 12. Thefc Horns increafe as the Moon gets further 
appems m the from the Sun, and it appears full and intirely round , 
Oppofition. w [ ien ¡ t ¡ s ¡ n ¡ ts Oppofition. 

sj. That the 13. The Diameter of the Moon does not appear tobe 
meur* He ?' * a ^ wa y s t ^ ie íá me i for we obferve it to be leaft at the 
mt"ppe*“ai- Times of the Quadratures, and to be biggeft at the 
naysthefame. Time of its Oppofition, and about the Time of its 
ConjundHon. 

•te,. Thm its X4. TheMotionof the Moon fromWeft to Eaíl, is 
t!!nfrTm M °~ íonfíbly quicker at the Time of its Oppofition and Gon- 
1 ñft u E.rji jundtion, than at the Time of its Quadratures. 
ismequai. The Circle in which the Moon feems to move 

Cmrfeof the^ om Weft to Eaíl is not always the fame ;itdefcribes 
Mam is not a new one every Month, and croífes the Ecliptick in 
a'mays the different Points fucceííively from Eaíl to W eíl. 
i6.‘ófthe 16. That Interfedlion of the Ecliptick and theMoon’s 
Dragaos Circle, where the Moon paífes from the Southern Part of 
J T3ra\n'“ i the World to the Northern Part (with refpedt to the 
Tait° n¡ Ecliptick) is called the Drago-rds-Heady or the afeending 
Node , and the other Interfedlion is called the Dragón' s- 
c Iaif or the defeending Node. 

i the fame&Zc.) See the Notes on Chapuz, Art.s* of this Part» 
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17. Ifwe obferve the Dragon’s-Head in any Pointin 
the Ecliptick, it will be about nineteen Years before it 
be in that Point again. 

18. To thefe Phanomena we may add, that we fre- 
quently obferve the Moon to pafs betwixt us and fome 
of the Stats, but never any Star to pafs between the 
Moon and us. 

19. Thefe are all the Phcenomena which Aítronomers 
have laboured to find out the Reafons of : but natural 
Philofophers have long lince obferved further, that a 
lítele after the Moon’,s Conjunítion, not onlythe Horns 
of it are to be feen, but all the reíl of its Surface which 
is towards us appears of an Aíli-Golour. 


17 . That iht 
Dragon's 
Head changa 
its Place, 

18. That the 
Stars are of- 
ten hid. bytht 
Interpofition 
of the Moom 

19. Of the 

faint Ligkt 
vohich the 
Moon fome- 
times refefh*, 


C H A P. X. 

Con je Sures whereby to explain the Phcenomena of the 
MOON. 


I N order to folve thefe Phcenomena, Ptolemy fuppofcd J; 

the Moon’s Heaven to be nearelt the Earth. Praiemy/ * 

2. Secondly , That this Heaven, whilít it is carried The fennd 
every Day from Eaíl to Weíl by the Primum Mobile , 
is, byitsown proper Motion, advanced thirteen 
and a half about the Poles of the Zodiack. 

3. Thirdly , That the Moon is not placed exaflly in 3 . of the 
its own Heaven, but in the Circumference of a large Mom, ’ s E F~ 
round Body (called an Epicycle ) included in its Heaven CJC e ‘ 
like a Diamond in a Ring. 

4. Fourthly , That the lower Part of this Epicycle in 4 •OftkiA&¿ 
which the Moon is fix’d, turns from Weíl to Eaíl, 
and the upper Part from Eaílto Weíl, in fuch a manner, 1 
that the fmall Circle which the Moon by this means 
deferibes, is always in the Plain of the great Circle, in 
which it is carried about the Earth in twentyTeven Days 
and a half. 

5 - Fifthly , This Epicycle turns about its own Center f- H»» tmg 
in fuch a manner, that when the Moon is in Conjunélion 
with, or Oppoíition to the Sun, 1 it is in the lower Part Epuj/ttahi 

*A 

• * Í‘ ‘1 tf,t l ° mer Eart “/ ‘ ts J xxii. of thh Partí 
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6. That the 
Moon r&- 
cehes its 
Light. from 
the Sun. 

7. Uponthefc 
Suppojitions, 
all the fore- 
going Pha- 
nomena muy 
be folved. 

S. Why the 
Moon appear s 


of the Epicycle or in its Perigceum ; and when the Moon 
is in its Qnadratures it is in the upper Part of the Epicycle 
or in its Apogaum ; thatis, thzDegrees which the Moon 
moves in its Epicycle are double the Number ofthofe the 
Epicycle moves in departing from the Sun. 

6. Laftly , Ptolemy was of the fame Opinión with 
Phales the Mileficm , that the Moon is a dark fpherical 
Body, and receives all that Light by which we fee it 
from the Sun. 

7. Thefe Hypothefes being allowed, the foregoingP¿<f- 
nomena of the Moon, which are very near the fame as 
thofe of the Sun, may eaíily be folved. 

8. Further, it is manifeít, that they explain why the 
Moon appears to defcribe a Circle from We(l to Eaít 

_ in the Zodiack ; becaufe it is fuppofed really to defcribe 

to move from íuch a Circle. 

W ‘m & 9 ' Moreover, becaufe at the Times of Conjun&ion and 

MotionL ' S Oppoiition, the Moon is fuppoíed to be in the lower 
quícter at the Part of its Epicycle , and that when it is in that Part, it 
Cm'uJ{ion he 1S carr ‘ e< ^ f 10m Wcft to Eafl ; this Motion confpiring 
anToppójúi- with the Motion of its Heaven, which carries the whole 
m. Epicycle the fame Way; itneceífarily follows, that the 

Moon muít then appear to move with great Swiftneís 
towards the Eaít, and becaufe it is then nearer the Earth 
alfo, 1 it muít appear very large. 

10 Wh it ÍOm t ^ ie cóntrary ; becaufe at the Times of the 
át Quadratures, the Moon is fuppofed to be in the upper 
the Times of Part of its Epicycle , and that when it is in that Part, it 
tmc? l ““ >ra ~ ' 1S carr ' e d from Eaít to Wcft ; the Space in which it is 
thus moved by its Epicycle , muít be deduQed from that 
Space in which it is carried by its Heaven from Weítto 
Eaít, fo that it advances but the Difference only of £hcm ; 
and therefore its apparent Progrefs from Weít to Eaít, 
ought to feem lefs than at any otherTime ofitsRevo- 
lution ; and becauíe its Diftance from the Earth is then 
increafed, by the Length ofthe Diameterofits Epicycle 
it muít appear lefs. 

11. 1% the II - Becaufe the Moon has no Light at allofitsown, 
Moon canmt but borrows that by which we fee it, from the Sun ; 
te fienat aii, it j s evident, that it ought not to be feen at all at the 
’ Cwjunüi- Time of its Conjunflion, becaufe then the upper Part, 
which is enlightned, is turned from us, and the lower 
Part, which is not enlightned, is turned towards us. 


atthe 

its 


1 It vnujl appear very large) See the Notes on Chap. xx\u <Art . 5 . ef this 
Part, 

12. As 
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12. As the Moon gets further from the Sun, either °f‘ hs 
«towards theEaft or towards the Weft, it ought to appear 

horned, becaufe a Part only of the inlightned Half is 
turned towards the Earth ; and its Horns ought to appear 
turned towards that Part of the Heavens which is op- 
ppofite to the Sun, becaufe the Light is bounded onthat 
Side. 

13. Atthe Time ofthe Oppofítion, the wholelower '3- Wby ¡t 
Part of the Moon is turned toward the Sun, and to- ff‘¡ ar ff ld 
wards us, and therefore it muft appear ful!. 

14. Becaufe the Moon’s Heaven is fuppofed to be the 
neareft to the Earth, itfollows, that the Moon may fome- 

times pafs betwixt us and fome of the Stars ; but no Star m fomlümes 
r can pafs betwixt that and us ; which is agreeable to b the Inttr - 
Experience. 

if. As to that faint Light which we perceive in the 1 /. minee 
Moon’s Body when it is near the Conjunélion ; Galilaus that f aint . 
is the firít, that I ktiow of, that thought it to be cau- appelñnths 
fed by the Rays of the Sun, reflectad thither by the Pan of the 
Earth, which is proved by the following Arguments. Mcm 
Firft, The Earth is an opake Body, and therefore it muid ^ rom th ° Sm ° 
necefiárily refleít fome Part of the Light which falls up- 
on it. Secondly, becaufe this faint Light cannot befeea 
but when the Moon is very nearly right agaínft the Mid- 
dle of that half of the Earth which is enlightned by the 
Sun. Laítly, Becaufe this Light ofthe Moon is feníibly 
greater, when, Riíing in the Eaít, the Rays which refledt 
a great deal of Light from the Continent of Afta fall 
thicker upon it, than when Setting in the Weft, the Rays 
only which are refledted from the Ocean, which abfarbs 
moft of them, fall upon it. 


CHAP. XI. 
Of ECLIPSES . 


W HEN the Moon paífes between the Sun and i.rnat m 
the Earth, and hinders us from' feeing it; this is E'bfi ¡he 
called an Eclipfe of the Sun, which is fo much the 
greater, the more the Sun’sBody is covered ; and it may 
be total, if it be intirely darkned by the Moon’s Inter^ 
polition. 



2. It 
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2 . whjthen %, it ís but very feldom, that there happens a total 
^¿S^clipíe °f f ^ e Sun, becaufe the apparent Diameter of 
cf ¡he Sun. the Moon is -very feldom bigger than the apparent 

Diameter of the Sun, but is commonly fomewhat 
lefs. 

3. Thatdffi- g. Becaufe the Earth isof a coníiderableBignefs,com- 
VheEarth P are d with the fmall Diftance that the Moon is from it, 
dm’tfeethe it may happen, that the Moon may pafs betwixt the Sun 
s "np¿ ally an< i fome particular Countries, and not pafs betwixt the 
“kefame* Sun and fome other Countries at all ; whence itfollows, 
Time. that with refpeC to fome People the Sun may be ve- 
ry much edipfed, and not at all eclipfed with refpecl to 
others. 

4. That there 4. It is evident, that there can be no Eclipfe of the 

Sun, but when the Moon is New, or in Conjunción 
at Nea with the Sun, and not then, unlefs the Moon in its 
Mom oniy, Motion from Wefl to Eaíl be exaCly in the Ecliptick; 
ilmnt* mt kut becaufe the Circle which it defcribes, is at fome 
Diítance from the Ecliptick there are a great many 
ConjunCions without any Eclipfe at all, norindeedcan 
there be any but when the Moon is near the Dragon’s- 
Head or Tail. 

y. That the $■ The Motion of the Moon from Weíl: to Eaftbe- 
Darkwfi j n g V ery quíd^ j c gets from under the Sun in a very 
total Ecilpjh fi ,ort Time when it is eclipfed, fo that it is eclipfed but 
cf the Sun, alittlewhile; and when the Eclipfe is total, theDarknefs 
cmtinutt tu i can cont i nue but a fewMinutes, becaufe we (hall im' 
al on time. mec j; ate iy ¡, OTe f ome Light from that Part of the Sun 
which begins to be uncovered. 

6 . what an ó. It may happen, that when the Moon is in Oppofí- 
Ec/ipfeofthe tion to the Sun, it may be in the Dragon’s Head, or 
Moon u. Tail, or very near oneofthem; and if it is fo, itought 
not to be feen at all, 1 becaufe the Earth fhades it, and 
hi'nders the Sun’s Light from falling upon it, which 
is that which maltes it vilible. This Deficiency of Light, 
or this Shade in which the Moon is, is called an E- 
clipfe of tbe Moon, which is fartial and not total , if the 
Moon be fo far difíant from the Nodes, that it is not 
intirely immerfed in the Earth’s Shadow. 


I ’E/tenfi the Earth [hades it, & c.) 
Tacc/net in his j 4 flronomy, 3 ook 4. 
Chap. ii. Nnmb. 17. has dsmonfira- 
led, that the Shadow of che Earth 
Itever reaches fo far. as the Moon, fo 
That the Moon is darkhed not by 


the Shadow of the Earth, but by 
that of the Earth’s Atmofphere on- 
ly; which was obferved, thoughnot 
fo exaflly demonflrated by J^pitr 
and Ricciltts , 


7. Wheia 
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7. When at the Time of the.Oppofítion, the Moon 7 - Whythtrt 
is at a Diftance-from its Nodes ; becaufe it has then a 'uculu’lfthe 
good deal of Latitudes it does not enter at all into the MtliLuvay 
Earth’s Shadow, and henee itis, that there isnot always 

an Eclipfe every full Moon. 

8. When the Moon enters in, or comes out of the s. That the 
Shadow of theEarth, that Partwhich is eclipfedalways 
appears in the Form of a Circle;- and becaufe Obferv’a- rcmit.™ 
tions have been made of a great Number of Eclipfes, 

in which the Moon has entered in, and come out of 
the Shadows in all Parts of it, and the Appearance hath 
been always the lame, it follows, that the Shadow of 
the Earth is round. 

9. And becaufe thefe Obfervations have been made 9 . Kaí tf:e 

when the Moon hath been oppolite to different Parts E.nth ¡t feif 
of theEarth; this is a Confirmation of what wasbefore ¿"•“"¿««o’ 
aílerted, viz- that the Earth is round every Way. ay ‘ 

10. When the Moon paífes through the Middle of i 0 , that the 

the Shadow, it continúes eclipfed fpr a coniiderable Dimuter^f 
Time, viz: Two or threeHours, which íhews that the \ hc r M ° on ¡ s 
Diameter of the Moon is much lefs than that of the IftLslldm 
Earth’s Shadow. v <■/ the Earth, 

11. Further, when there is an Eclipfe of the Moon, That the 
the nearer the Moon is to the Earth, the longer the «»•«/* 
Eclipfe continúes ; whence we colleít, that the Shadow 

is larger nearer the Earth than at a further Diftance, aJ! * s a 
fo that it diminiíhes in proportion to its Diftance like 
a Cone. 

ia. Becaufe the Moon is lefs than the Shadow of n, That the 
the Earth, and this Shadow decreafes like a Cone, it Momís Ufs. 
follows, that the Moon is lefs than the Earth. he 

13. And becaufe the Shadow of the Earth could not 1 3 . That the 
decreafein this manner, if the Body which enlightens it Sim ™ bigger 
were not bigger than itfelf; thereforewe conclude, that 

the Sun is bigger than the Earth. 

14. Becaufe that Part of the Moon which enters into I4 Thí¡t M 
the Shadow really Jofes its Light, all thofe People to //*>/« Pcopie 
whom the Moon is vifible, when it begins tobe eclipf- 

ed, muft fee it at the fame Time, and take notice of e J f fJTtait, 
the Gap that it malees upon the round Face of the Moon ; ¡1 at the 

fo that if all Nations had any particular Thing in view, í amíT,me > 
and agreed to do it at the fame Moment of Time; 
luppoíe it were to tínd exaélly what it is a Clock , or 
any other Thing, the Beginning of an Eclipfe of the 
Moon would ferve for a Signal. • 
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15-. To fi«d iy. If different People, who at the fameMoment of 
°"t nT píate Time had obferved feparately vjbat a Clock it was atthe 
tftTe Earth feveral Places where they were, afterwards communi- 
is E¡ifi of cated their Obfervations to each other, or gave them 
all toonePerfon; it iseafy to colledi:, that all they who 
obferved it to be the fame Hour at the fame Moment 
of Time, live on the Earth under the fame Meridian ; 
and becaufe it is fooner Noon-day the more Eaft any 
Place is, we are therefore aífured, that if it is fooner 
Noon-day in one Place, than in another, that Place is 
Eaft of the other ; and becaufe the diurnal Motion of 
the Sun is fifteen Degrees in an Hour, we from henee 
conclude, that one Place is ib many fifteen Degrees 
Eaft of another, as it is Hours fooner than the other. 

16. The Number of Degrees that one Place of the Earth 
is more Eaft than another, is called the Difference of Lon- 

Í itude ; and as the Knowledge of this is of very great 
mportance, it is worth while to illuftrate it by an Ex- 
ample. Suppofe, That at the Beginning of an Eclipfe 
oftheMoon, it wereby Obfervation, Eleven Hours and 
Thirty-four Minutes after Noon; and that we had 
Notice from the Ifiand óf Fer (one of the Canary liles) 
that it was Ten Hours after Noon there at the fame 
Moment of Time ; the Difference of thefe two Obfer- 
vations, is an Hour and Thirty-four Minutes, which 
ihews, that the Difference of Londitude, betwixt thefe 
Places, is Twenty three Degrees, and thirty Minutes: 
Wherefore if we fuppofe the firft Meridian to pafs thro 1 
the Iíland of EVr, this Difference ihews us the true 
Longitude of París. 

17. Becaufe Eclipfes of theMoon happen butfeldom, 
and the Air is not always clear when they do happen ; 
it is therefore but feldom that the Longitude can be ob- 
ferved from them. 

18. The Longitude and Latitude of the feveral Places 
upon the Earth being known, their Situation upon the 
Globe is thereby determined ; fo that the Rules upon 
which this Knowledge is built, are the principal Fornida- 
tions upon which -the Whole ofGeography depends. 

19. Navigation, or the Art of Sailing, coniifting 
chieíly in determining exaétly from Time to Time, the 
Place where we are upon the Sea (which cannot be ac- 
curately done but by the Longitude and Latitude) the 
Method offindingont both thefe, is the principal Foun- 
dation of Navigation. 


17 . Thatitis 
dijpcnlt to 
fiud the 
Longitude. 
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Geography. 
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CHAP. XII 

Of the true Bignefs of the Earth, Moon, and Sun , and 
of their Dijhmce from each otloer . 

W H AT was juft now faid, beírig throughly unáer- i. AUetUi 
ftood, it aftords us an eafy Method of finding °Íf n f t 'hec 7 
how much the Circumference of the Earth, and how 7 ñmfLnu¿f 
much íts Diameter is, how far the Moon is diílánt from theEmthU. 
it, the Bignefs of the Moon compared with the Earth, 
íhe Diííance betwixt the Earth and the Sun, and how 
much the Sun’s Diameter is. To determine then the 
Circumference of the Earth , we need. only to take two 
Towns of the fame Longitud e, thatis, which areunder 
the íáme Meridian, and to obferve the DiíFerence of 
their Latitude, that is, the Number of Degrees and Mi- 
nutes, counted upon the Earth’s Meridian, contained 
between the two Towns, for this is the DiíFerence; 
after which, if we know how many Leagues there are 
betwixt oneTown and theother, it is eafy to find how 
many Leagues there areln a Degree , whence it is eaíy 
to compute how many Leagues there are in three hun- 
dred and físty Degrees upon the Earth. 

2. ForExample, Suppofe París and Arniens werethe z.AaExami 
two Towns fixed upon; they have both the fame Lon- p! ‘ á 
gitude, becaufe they are under the fame Meridian : Fur- 
ther, the Latitude of París is Forty-Eight Degrees and 
fifty five Seconds , and the Latitude of Arniens is forty~ 
nine Degrees and fifty -five Seconds , and therefore the 
Arch of the Meridian contained betwixt París and Arniens 
is one Degree. But it is reckoned to be twenty-eight 
Leagues from Paris lo Arniens, or more truly, twenty- 
five Leagues, allowing the three Leagues for the wind- t 
ing of the Road, and then a Degree upon the Meridian 
of the Earth will be twenty-five Leagues, aud confe- 
quently three hundred and iixty Degrees, w r hich is the 
whole Circumference of the Earth, will be nine thou- 
fand Leagues. 

3. Now the Circumference of any Circle is to íts 3; °f ,hí 
Diameter, as twenty-two to fevcn ; the Circumference ^f‘J¡'ame‘cr 
of the Earth therefore being nine thoufand Leagues, 
its Diameter muí! be about twó thoufand eíght hun- 
dred and íixty-three ; whence it follows, that the Di- 
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ftancefromtheCircumferencetothe Center of theEarth, 
isvery nearly one thoufand four hundred and thirty-one 
Leagues. 

4. In order to find out the Diftance betwixt the Cen- 
ter of the Earth and the Moon, we muft fuppofe its j 
Motion to be eltablifbed with fuch geometrical Exa&- 
nefs, that its Place in the Zodiack may be known for 
any Day ; and alfo its Altitude above the Raúonal- Ho- 
rizon., the Plañe of which we imagine to pafs through 
the Center of the Earth: After this, we muft obferve 
in the Place where we are, the Altitude of the Moon 
above the fenjible Horizon , which we fuppofe to be pa- 
rallel to the raúonal Horizon ; then the Difference be- 
twixt thefe two Altitudes, is equal to the Angle con- 
tained between two vifual Rays, or two ftreight Lines, 
goitig from the Center of the Earth, and the Place 
where we are, and meeting in the Center of the Moon ; 
now this Angle (which is„called the Pallax) being given, 
ít is eafy by by Calculation, to find the Diftance be- 
twixt the Center of the Earth and the Moon. 

y. This will be better underftood by the followíng 
Figure, where the frriall Circle reprefents the Earth, 
whofe Center is D ; A is the Place of the Obfervator’s 
Foot, CDE the raúonal Horizon , and the Line F G 
reprefents the common or fenjible Horizon , on the Plañe 
whereof ftands the Obfervator, being paralkl to the ra- 
tional Horizon ; thegreat Circle is the Meridian, in which 
the Moon is in the Place B ; its Altitude above the ra- 
tional Horizon is the Angle BDE, and its Altitude 
above the Surface F G is the Angle B A G ; the Dif- 
ference betwixt thefe two Angles, is the Angle ABD, 
which is called the Parallax, 1 which being known, 
we can find the Line D B, which is the Diftance from 
the Center of the Earth to the Moon ; as alfo the Line 
AB, which is the Diftance of the Obfervator from the 
Moon: After this, by meafuring the Angle under which 
the Moon appears, that is the Angle eontained betwixt 
the Rays which come from the extreme Parts of the 
Moon, which is called its apparent Diameter , we can 
find alio its trae Diameter . 


1 Jfthich being imán, 8 re.) For 
the Angle BADf which 
Tab. XII. exceeds the AngleBAG 
Fig. i. by ninety Degrees) and 
the Angle B, with one 


of the Sides AD being given, the 
Sides AB and DB are found by 
the common Rules of Trigonome- 
try. 
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6. By ex a el Calculation upon thefe Obfervations, we é - ”>«ch 
find that the greateíf Diílance of the Center of the 

Earth from the Moon is 1 fomewhat more than fíxty-íix Earth and 
Semi-diameters of the Earth, and its leaft Diílance about ,ie M «m '?> 
fifty-one ; and that the Moon’s trae Diameter is pretty X f e m f g 
near a fourth Part of that of the Earth, whence we con- compared 
elude, that the Earth is about forty-fiye Times as big as wi ¡ h th e 
the Moon. ' 

7 . The further any Star is diílant from the Earth, 7-, What tU 
and the higher it is above the Horizon , the lefs is its 

* Parallax; thatof the Sun is notfeníible, unlefs when from the s«n 

it is in the Horizon , that is, in the Cúrele which ter- "■ «»dnbat 

minates our Sight : And when the Sun is in the Hori- 

zon, it is very difficult to find its Parallax. Upon the * That u,' the ' 

moft exadl Calculation, its greateíl Diílance from the 

Earth is found to be 1 about fifteen hundred and fifty 'afF'evídmt 

Semi-diameters of the Earth, and its leaft Diílance about to any one 

fourteen hundred and forty-fix Semi-diameters. The ‘^‘^fiders 

Diameter of the Sun is alio found to be about fifteen th ‘ 1¿nre ' 

Serni diameters of the Earth ; whence it follows, that 

the Sun is about four hundred and thirty-four times as 

big as the Earth. 


X. Somerohat more than, Síc.) 
Añronomers are pretty well agreed 
about the Moon’s Diñance from the 
Earch : Ies mean Diñance, is, ac- 
cording to Ty'cho, fifty- fix Semi- 
diameters and a half of the Earch, 
according to Copernicns > Sixty and 
one Third, and according to moft 
others, fifty nine. 

2. About Fifteen hundred and fifty , 
Síc.) As it is very diffieule and 
troublefome to find the Sun’s Parallax, 
fo its Diñance from the Earth is not 
fo well agreed upon. The Sun’s 


mean Diñance is by Tome reckon’d 
749 Diameters of the Earth , by 
others 10000 or 12000, but by the 
exa&eñ Obfervations of the lateft 
Añronomers, but 5000; and its true 
Diameter to the Diameter of the 
Earth, as 10000 to 208. Whence 
it follows, that rhe Sun is many 
Thouíand times bigger than the 
Earth. 

According to the beñ Añronomers, 
the true Bi gneis of the Planets and 
their Diñance from the Sun are as 
follows. 


The Dia- 
meter of K 


“The Sun is 494100 


Saturn 
\ Júpiter 
/Mar s 
vThe Earth 
JTheMoon 
Venus 
-Mércury 



Saturn’s 
Júpiteres 
- Mars’s 

M,les The Earth’; 
Venus’s 
Mercury’s 


mean 

..Diñance,,, 
from the 
Sun is 


5135-40000 
1280582000/" 
82242.000 > 
54000000^ 
39096000I 
20952000 


>Miles 


Concerning the Diñance of thefixed [ Alt. 3. ofthis JPari? 
.Sears, See the Notes m $hap t xxv. 
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CHAP. XIII. 

Of the Thmomena of Mercury and Venus. 

T H E Planet Mercury is very final], and they only 
who find it out by the Rules of Aftronomy, can 
know it and díflinguiíh it from the fixed Stars; it is fo 
bright, as to be eafily taken for a fixed Star. 

2. Next to the Sun and M0011, the Planet Vemts is 
the molí remarkable, becaufe it appears fo large; all 
Country-men almoft, know it by the Ñame of tb tShep- 
bérd's-Star. 

3. By comparing Mercury and Venus with the fixed 
Stars accordiug to Hipparchus' s Method, in order to 
know what the Pofition of their Orbits is, with regard 
to the Ecliptick ; we find, that each of thefe planets 
moves from Weíl to Eaft ¡11 Circles, which cut the 
Ecliptick in two oppoíite Points, and deviate from it 
to a determinate Diftance, vi.z- that of Mercury , fíx 
Degrees and fixteen Minutes, and that of Venus, three 
Degrees and thirty Minutes. 

4. Mercury and Venus, take up about a Year in mov- 
ing round their Orbits ; and though they feem. fome- 
times to move fafter, they recompenfe it by inoving 
flower at other Times, without obferving any Rule ; 
yet however, they perform their Revolutions in fuch a 
manner, as always to pafs through their Orbits in a 
Year; fo that we may affirm in general, that theymake 
one Revolution every Yeaf. 

y. Mercury and Venus appear always very near the 
Sun: Mercury \s never above twénty-eight Degries, and 
Venus never above forty-eight Degrees diftant either to 
the Eaft or Weft. 

6. Whcn Mercury and Venus are the moft Eaft that 
they can be, T>f the Sun ; that is, when Mercury is 
twenty-eight Degrees , and Venus forty-eight Eaft 0} it ; 
We obferve, that they then move ílowly towards the 
Weft, till.they are got as far Weft of the Sun as they 
were before Eaft of it : After this they feem to return 
báck again to the Eaft, aud overtake the Sun, till they 
are got as much Eaft of it, as they were at firft.; this 
is performed by Mercury in fix Months, and by Venus 
in «meteen Months. 

y, Mercury 
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7. Mercury and Venus are fometimes bid by the In- 
terpofítion of the Moon ; and thefe Planets are fome- 
times feen to pafs betwixt the Sun and us. 


C H A P. XIV. 

Conjetures for explaining the Phanomena of Mercury 
and Venus. 

CT) TOLE MT thought that Mercury and Venus had 
each of them a Heaven belonging to thern, and 
thefe he placed between the Moon and the Sun ; and 
he imagined Mercury' s Heaven to be neareft the Earth, 
and Venus' s to be further of. 

2,. He imagined alio, that the Heavens of Mercury 
and Venus , befídes that Motion which is common to 
all the Heavens from Eaft to Weft, had a particular Mo- 
tion of their own, by which they were carried from 
/Weftto Eaft with their Epicycles, inthe Circumference 
of which thefe Stars were placed, the upper Part where- 
of moved from Weft to Eaft, and the lower Part from 
Eaft to Weft. 

3. Further, he imagined, that the Epicycles of Mer- 
cury and Venus , were carried about by their proper 
Heavens in one Year’s Time, and had their^Centers 
continually almoft under the famePointof theZodiack 
as the Sun. 

4. Lafíly, he fuppofed the Epicycle of Mercury to 
be about fifty-fix Degrees in its apparent Diameter, and 
that it revolved about its Center in fíx Months ; That 
the Epicycle of Venus was ninety-fix Degrees in Dia- 
meter, and that it revolved about its Center in nineteen 
Months. 

y. It is not worth while to be particular in fhewing 
how all the forementioned Phanomena may be folved 
upon thefe Hypothefes, the Thing is too evident to in- 
fift upon : It is fufficient to obferve only that the Cen- 
ters of their Epicycles being always very nearly under 
the Sun, this is the Reafon why Mercury and Venus 
never gobeyonda certain Diftance from it , andbecaufe 
the Time in which thele Epicycles revolve about their 
Center, is not commenfurable with the Time of the 
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Sun’s Revolution in the Ecliptick ; therefore the Dura- 
tion of the apparent Revolutions of Mercury and Vehus 
in the Zodiack is very unequal. 

6. Later Aftronomers have obferved, thatwhen Venus 
begins to move from the Sun to the Eafl, and is but at 
a littleDiñance from }t, íhe appears very large; where- 
as when fhe is at the fame Diftance, inmoving towards 
the Sun, fhe appears very fmall : On the contrary, when 
lile begins to move from the Sun to the Weít, fhe ap- 
pears very fmall, but when Ihe approaches the Sun again, 
íhe appears very large, 

7. This is that Phcenomenon which I mentioned be- 
fore, and which was thought inconíiftent with the Hy- 
pothefis of Copernicus, concerning the Motions of Venus 
and Mercury : But that DifSculty is intirely removed 
lince the Inventionof Telefcopes. For GaliUeus, who 
was the firíl: that made them long enough to look at the 
Stars with, obferved himfelf, and caufed others to ob- 
ferve, that Venus was quite round , when fhe appeared 
large, and that íhe was horned when íhe appeared fmall ; 
whence ühere is no doubt, but that íhe moves round the 
Sun, and borrows hcr Light from him. Henee alfo 
we learn, that Venus is fometimes further diftant from 
the Earth than the Sun is, and then becaufe that Part 
pf her which is illumjnated, is turned direílly towards 
us, íhe appears quite round, and very large ; And, on 
the contrary, at other Times, Ihe is nearer us than the 
Sun, and then a Partonly of the illuminated Half, can 
be feen by us, which makes her appeared horned , and 
very fmall. 

8. Thefe Phafes of Venus , have alfo been taken no- 
tice of fince GaliLeus’s Time : But as to Mercury , our 
Telefcopes not being long enough, any more than thofe 
pf Galilausj we have not yet obferved what Figure he 
appears of; but lince very curious and credible Perfons 
have aífured us, that they have feen Mercury undergo 
the fameChanges ofits Figure as Venus; we fhall malte 
no DifSculty to fay, that He turns about the Sun alfo. 

9. If Venus and Mercury moved in Heavens lower 
than the Sun, as Ptolemy affirmed ; they could never 
áppear quite round, becauíé they could never be far 
enough diñant from the Sun : Whence it follows, that 
his Hypothejis , with relpeft to Mercury and Venus , is 
abfolutely fallé, ' 


CHAP. 


! Chap. 15. of Natural Philosophy. 


41 


CHAP. XV. 

Of the Phanomena of Mars, Júpiter, and Saturn.’ 

JUTA RS, Júpiter , and Saturn , may be difíinguiihed *• Hm l ° i 
■*-*-*■ fromthe other Planets, becaufe they appear bigger 
than Mercury , but lefs than the Sun, Moon, and Venus : Satura. 
Júpiter appears bigger and brighter than Mars and Sa- 
turn: Marsh of a reddiíh Colour, and Saturn of a 
Palé one. 

2. By comparing thefe three Planets with the fixed' 1 - °f tíe 
Stars, we obferve, that they move from Weft to Eafi: Maioñlf 
in Gíreles which cut the Ecliptick in Points direftly thefe three 
oppofite to each other, and which make different An- Plaiict¡ - 

ingles with it ; Marsh Circle declines from the Eclip- 
tick, one Degree and fifty Minutes ; and Saturn' two 
Degrees and thirty one Minutes. 

3. Mars performs a Revolutioñ in his Circle, 'in 3 ;. The 2 fe» 
a Year and three hundred and thirty-two Days; jupi- 

ter , in about eleven Y ears and three hundred and eighteen ’’ ’™ ‘ 
Days; and Saturn , in about twenty-nine Years, and a 
hundred and eighty three Days. 

4. The apparent Motion of theíe Planets, is not at 
alf regular; for fometimes they feem to move from 
. . eíl to Eaft, and then they are faid to be Dired , times Dktéi, 
ometimes they appear for feveral Days together in the r™“’ mes 
fame Place of the Firmament, then they are faid to be w/ZSm 
Stationary ; and át other Times they feem to go back Retrograde. 
to the Wefr again, and then they are faid to be Retro- 
rade ; after this they become again Stationary , ahd then 

r Dired. 

y. From the Time that Mars is in the Middle of r- Qf the _ 
lis Retrogradation, to the next Time of his being in 
the fame State, is about two Years and forty - nine tkn. * 
ays Júpiter , from the middle Time of his Retro- 
gradation, to the middle of the next, is about one Year, 
nd thirty-three Days ; and Saturn about one Year and 
thirteen Days. 

6. Whatever Inequality there be in thefe Planets in e - th, y 
the Times from one Retrogradation to the next, yet in this 
they all agree; that every one of them is always retro- mhemhe 
¡grade, w---- - ^ ' he Sun and it. Eanhis 

bctwixt them 
and the Sun* 

7. The 


4 * 

7 * Mars baí 
vtore Retro * 
gradation 
than Júpiter, 
and Júpiter 
more than 
Satura. 

2. That thefe 
Sears appear 
ligger roben 
they areretro- 
grade, than 
soben they are 
dire 61. 

<y.Rfoneofthe t 

other Flanees 

tírecverhidby 
the Interprji- 
tion of thefe-. 


X. Of the 
Heavens 
belonging 
to Marsj 
Júpiter and . 
Satura. 


a. Of their 
Epicycles. 


3 . Of the 

Aíotion of 
the Heavens 
belonging to 
Mars, Júpi- 
ter and 
Samrn, 
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7. The Arch in the Zodiack which Mars paíTes thro’ 
when he is retrograde , is bigger than that which Jú- 
piter paíTes through when he is retrograde ; and the Arch 
which Júpiter paííes through when he is retrograde , is 
bigger than that which Saturn paííés through when he 
is retrograde. 

8. The apparent Bignefs of thefe three Planets in- 
creafes, when they become retrograde. Mars appears 
then íix times as big as when he is dired ; Júpiter 
about three times as big; and Satura almoñ as big 
again. 

9. None of thefe three Planets were ever feen to 
país betwixt the Sun and the Earth ; but they are 
often feen to país betwixt the Earth and the fixed 
Stars. 


C H A P. XVI. 


Conjetures ovhereby to expía i n the Vh&nomena of Mars, 
Júpiter, and Saturn. 


CT) TO LEMY afcribed to each of thefe Planets its pro 
per Heaven, immediately beyond the Sun’s Hea- 
ven, but a great deal nearer than the Firmament ; he 
fuppofed that of Mars to be neareíi us, that of Jú- 
piter ,to be next, and that of Saturn to be the far- 
thcíl. |;. 

2. He affirmed, that every one of thefe Heavens had • 
an Epicycle belonging to it, in the Circumference of 
which the Planet was fixed ; that the Epicycle of Man 
appeared larger than that of Júpiter , and the Epicycle J 
of Júpiter larger than that of Saturn. 

3. Bebdes the diurnal Motion of thefe Heavens fromj 
Eaíl toWeíl, they have a proper Motion of their own| 
from-Weíl to Eaíl; by which their Epicycles are car- 
riedalong through all Parts of the Zodiack, thro’ which 
we faid thefe Planets did pafs, and their Revolutions 
are completcd in the Times (before-mentioned when 
we were fpeaking of thtxtP hxnomena) which thefePlanets 
take up in defcribing an entire Cjrcle under the fixed 
Stars. 


6 Whilít 
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} 4. Whilft thefe Epicycles áre carried along in this man- 4 °f the M °- 

i ner by thofe Heavens which contain them, they alfo 
' turn about their own Centers, and carry every one its 
Planet along with it, from Weft to Eaft in its upper 
| Part, and from Eaft to Weft in its lower Part ; and the 
Times of tbe entire Revolutions of thefe feveral Epi- 
cycles, are thofe before-mentioned, between the middle 
■ of each Retrogradaron, and the Middle of the following 
* one. 

: y. Itisevident, that thefe Hypothefes will notonly ex- That thefe 

í plain the apparent Motion which we obferve in thefe M«thm wiii 
Planets, by which they feem to turn about the Earth in 
1 Twenty-four Hours , but alfo their Motion from Weft stamm, mi 
to Eaft beneath the fixed Stars ; under which each Rarograria- 
} Planet ought to appear, Firft, T o advance very fenfi- 
;• bly towards the Eaft, or to be direéí , when it is in the saturn. 
upper Part of its Epicycle ; becaufe its Motion is then 

I compounded of that with which it moves in its Epicycle, 
and of that with which the Epicycle it felf moves in its 
Heaven alfo. Secondly, Each Planet ought to appear re- 
trograde, when it is in the lower Part of its Epicycle ; 
becaufe the Motion about the Center of it, carries it 
further towards the Weft, than the Motion of the Hea- 
ven in which the Epicycle is carried, does towards the 
Eaft. Laftly, Each Planet ought to appear Stationary 
when it is in either Extreme of the lower Half of the 
Epicycle, becaufe then, }n turning about its Epicycle, it 
| advances neither more nór lefs towards the Weft, than 
it is carried towards the Eaft by the Motion of its 
i Heaven. 

6. The Retrogradaron of Mars ought to take up a 6 . iPhyMzn 
Jarger Arch of the Zodiack than that oí Júpiter, becaufe appean to 
k Mars's Epicycle isfuppofed tobelarger than Júpiter' s; 
f and for the like Reafon, Júpiter' s Retrogradaron ought Hatím than 
i to take up a larger Part of a Circle than Saturn's. Júpiter, mi 

7. When a Planet is retrograde, it ought to appear 
1 bigger than when it is direét, becaufe it is then nearer 7 . Wby thefe 
? to us, being in the lower Part of its Epicycle. F, e 7 rW "Ir 

8. The apparent Bigúefs of Mars ought to increafe tí fe" 

more fenfibly than thát oí Júpiter or that of Saturn , be- are mr 0- 
caufe Mars being nearer to us, his Approach towards the the 
Earth, (which is the whole Length of the Diameter of apparJtii-¿~ 
his Epicycle,) is coníiderably more in proportion to <f Mars 
his Diftance, than the Approach of either of the other : 

I For the fame Reafon, the apparent Bignefs of Ju- Júpiter. 

, piter ought more fenfibly to alter than that of Saturn. 

9. The 
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5?. Why the 
fixtd Stars 
are often hid 
ly the Inter - 
pofition of 
thefe three 
Planets* but 
nevcr any 
other of the 
Planets. 
lo. Ofthe 
Satellites of 
Júpiter, 


11. Ofthe 
varions 
Figures of 
Saturn. 


* Tab. XII. 
Fig. 2. 


11.0 f a [malí 
Star perpetu- 
ally attending 
Saturn. 


9. The Heavens belonging to thefe three Planets be- 
ing placed beyond the Heaven belonging to the Sun; it 
is impoffible that they íhould ever pafs betwixt the Sun 
and the Earth ; but they may very often hide fome of 
the fixed Stars, becaufe they are íuppofed to be below 
the Firmament. 

10. Galilceus , by making ufe of Telefcopes, firfl ob- 
ferved thofe four fmall Stars, which I mentioned before, 
which always accompany Júpiter , about whom they 
move both Ways, fometimes to the Eafl, and fome- 
times to the Weft, at unequal Diífances. Thefe he 
named the Medie ce an Stars , but they are now called the 
Satellites or Guards of Júpiter. 

11. Galilceus alfo obferved, that Saturn was found 
to alter his Figure, He fometimes appearing round, and 
at other Times oval ; but we having m|de ufe of longer 
Telefcopes than his, have obferved Saturn to appear 
fucceffively under thofe Figures which are * here repre- 
fented. 

12,. We alfo obferve 1 a fmall Star, which feems to 
deferibe an oval Figure about Saturn, the longer Dia- 
meter of which is on that Side where Saturn appears 
longeft, 


13, Of the 
Jbfotion of 
Jupirer’í 
Satellites , 


13 . 


As to the fmall Stars which accompany Júpiter , 


Galilceus was of Opinión, that they turned about*This 
Planet, and deferibed Gíreles which are all in the fame 
Plañe; which Plañe continued, wouldpafs through the 
Center of the Farth. Mr. Cajfini, Profefforat Bonlogne, 
found by very exa£t Obfervations, that the firíl of thefe 
four Stars was diífant from Júpiter on either Side, five 
Semi-diameters ofthis Planet, and his Periodical Revo- 
lution oneDay, eighteen Hours, and Twenty-eight Mi- 
nutes: That the Second, which is alittle bigger, wasdi- 
ftant on either Side, eight Semi-digfneters, and his Peri- 
odical Revolution, three Days, thirteen Hours, and 
eighteen Minutes : That the Third, which is the biggeft of 
them all, was diífant on either Side, thirteen Semi-dia- 


1 A fmall Star, &c.) Nay there 
are Five, as was faid before, which 
CaJJlni and Httgcniits have obferved 
to revolve about Saturn; the Peri- 
odical Terms of which are thefe. 
The firíl or innermofl, I Day, 21 
Hours, 18', 31"; The fecond, 2 
Days, 17 Hours , 41', 27" ; The 
Third, 4 Days, 1 3 Hours, 47', 16", 
The Fourth, 17 pays, 22 Hours,4i', 


1 1"; The Fifth, 79 Days, 7 Hours, 
73', 77". The Diílance from the 


Center of Saturn in Diameters of the 
Ring, Of the Firíl, is almoíl 1 ; of 


the Second i¿ ; of the third, iJ 


Of the Fourth 4; Of the Fifchj 12. 
See Httger.ius’s Planctary Worlds in 
Englijki Edil, Se¿i. pag, 1 1 6. 


meters 3 
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meters, and his Periodical Revolution, feven Days, three 
Hours, and Fifty-feven Minutes. Laftly, That the. 

Fourth, which is the leaft of all, was diftant on each 
Side, Twenty-three Semi-diameters, and his Periodical 
Revolution fixteen Days, eighteen Hours, and nine 
Minutes. 

14. We can no t conceive how thefe four finall Stars 14- ' 

i can move in this manner about Júpiter , and continué 
their Motion, unlefs they be 1 carried by a finall Vor- c e 7 ter!‘ 
tex of Matter which furrounds Júpiter. But becaufeit 
would from henee follow, that Júpiter alfo ought to 
turn about his own Center, we ihould perhaps have 
had fome Doubt about this, notwithflanding it feemsfo 
agreeable to Reafon, if we had not been lately convin- 
ced of the Truth of it, by an excellent Obfervation 
made by Cajfini. He was the firít that took noticeofit, 
and was the Occafíon of others taking notice after- 
wards of a crertain Spot upon the Body of Júpiter , 
which beginning to appear on one Side of this Pla- 
net, afterwards appeared towards the Center, and 
then on the other Side : After this it withdrew for 
fome Time quite out of Sight, and then began to ap- 
pear again on the fame Side where it was firftfeen; 

The Time which this Spot, and confequently Júpiter 
it felf, takes up in compleating one Revolution, is 
about the Space of nine Hours. 

iy. There hath been the like Spot feen alfo upon ir- That 
the Body of Mars, which proves, that this. Planet alfo 
turns about its Center, in about the Space of Twenty- 
four Hours. Center. 

16. Galilans was furprized at the alterations of the , 6- A Cm ¿ 
Figure of Satum without being able to find out the jtBme hm 
Caufe ; and fo have a great many Philofophers been, ‘ t ° he ex J¡k™ nt 
who have in vain perplexed themfelves about it. But App/Lnas 
[ not long fínce, Mr. Hugens , a Dutch Gentleman, has °f Satura, 
very íuckily thought of an Explication of this Phaeno- 
menon, by fiuppoíing that Saturnia afpherical Bodyfur- 
rounded at a certain Diftance, by a Biing which is very 
thin 2, but of a confiderable Breadth, the Plañe of which 
Pafíes through the Center of Satum ; and he fuppofes 


1 Carried by a fmall Vor tex, &c.) 
See the Notes on Chap.xxv. Art. Z2. 
of this Part. 

2 ‘But of a confiderable "Breadth , 
Scc.) To which we may add ; chac 
the Plañe of the Ring is fo inclined 


ro the Ecliptick, that about the Signe 
of Aries and Libra , the Ring can 
fcarce be íien at all ; but about tha 
Signs of Cáncer and Capricom , ic 
appears like cwo broad Handles. 

* this 
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this Ring, as well as Satura it felf, to be illuminated by 
the Sun. 

17. jfn Ex- xy. This being fuppofed, he íhews that Satura ought 
l'hiFiZrís t0 a PP ear roúnd, as it is reprefented in A, when his Si- : 
cfit. tnation is fuch, that if the Plañe of his Ring be con- 

Tab. xii. tinued, it would pafs through the Earth ; becaufe the 
2- Thicknefs of this Ring is only turned towards us then, ; 
which Thicknefs cannot be perceived ; but when the 
Ring is in any other Sitnation, fo that the Plañe of it 
is vifíble to us, then it ought to appear to us of an i 
Oval Figure, fuch as B, C, or D, which muft be fo 1 
much the bigger, as ourEyeis elevated above the Plañe I 
of it. 

18. of the ' jS. As to the little Star which accompanies Satura, . 
starZhíh he fuppofes that to move in the Plañe of this Ring, and ’| 
atunds that it compleats its Revolution about this Planet, in f; 
Saturn. the Space o t fixtéen Days or thereabouts. 

Tab. xii. 19- All the feveral Parts of the World, which we I 
f >£' 3 - have hitherto treated of, put together, and difpofed in | 
the Order in which we have mentioned them, willf 
compofe the following Figure, which reprefents the 
whole World, according to theHypothefís of Ptolemy. 


The Second Part of Cofmographj . 

O R, 

An Explicación of the Phsenomena, upon 
Suppoíition that the Earth turns about its ¡ 
own Center in twenty-four Hours. 

I 

C H A P. XVIt. 

A Caution about the Polos and the Circles. 

1 . ofthePoies T T PON Suppoíition, that the Earth turns about íts 1 
the Earth. own Axis in twenty-four Hours, (by which the | 

apparent Motion of the Heavens is explained,) the two | 
Points of its Superficies which turn about their own felves | 
only, are the true Poles ; and the Circles which every other P 

Point i 
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Point ofits Superficies defcribes, are the Circles of Lon- 
gitnde upon the Earth , the largefi of which Circles is the 
; Terreftrial Equator or the EquinoStial Line. 

2 . So likewife the two Points in the Heavens, which 
are direétly againfi the two Poles of the Earth, and 
which feem never to move, whilft all the reft feem to 
turn about, thefe are the apparent Poles of the Heavens ; 
and the Gírele, which We imagine to be diredUy againfi: 
the Earth’s Equator, is the apparent Equator of the 
Heavens. 

3. When we would deferibe the Horizon of any par- 
ticular Place upon the Earth’s Superficies, we imagine, 
alike in both Hypotbefes, that this Horizon is nine- 
ty Degrees diftant every Way from the Place, and the 
Horizon which we imagine in the Heavens neceífarily 
paífes through all thofe Points, which are dire&ly againfi 
the Earth’s Horizon ; now upon Suppoíition that the 
Earth moves, thefe Places in the Heavens are the fame 
jas if the Motion were really in the Heavens ; therefore it 
■follows, that upon either Hypothefís, the Horizon is 
always the fame. 

4. The Circles of Latitude^ and the Meridians upon the 
Earth are always the fame : For fínce the Meridians in the 
Heavens, are always fuppofed to be in thofe Places 
which are direflly againfi the Earth’s Meridians , and 
that thefe Places are always the fame upon either Hy- 
pothefis ; it follows, that the Meridians in the Heavens, 
ought to be the fame here, as thofe before deferibed, 
when we allowed the Hypothefís of the diurnal Motion 
of the Heavens. 
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2. Of the 
apparent 
Pole in the 
Heavens . 


5. Of the 
Horizon, 


4. Of the 
Meridiana 
upon the 
Equator* 


C H A P. XVIII. 

An Explication of the Suris P han ornen a. 


F IRST. Though we conceive the Difiance from t . ni firfi 
henee to the Sun to be very great; yet the Di- s*pp<J¡t¡on4 
fiance from henee to the Firmament * 1 is ftill vaftly greater. 

We may indeed conceive it as great as we pleafe, be- 

I ls¡lillva[Hy griater, gíc.) See the Notes an Chap, xxv. Art. 3. of this Partí 

caufe 


4 


4 § 
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caufe there has not yet been any Method found out of 
determining it. 

3.. Thefaond 2. Secondly. We muft fuppofe, that 1 the celeftial 
Sfiofitim. jy[ a tter which furrounds the Sun, and which diffufes it 
felf all Ways to a Diftance much lefs than that where 
the fixed ftars are, but much greater than that where we 
are; turns from Weft to Eaft about the Sun and car- 
nes the Earth along with it in fuch a manner, as 
without hindring its Revolution about its own Center 
in Twenty-four Hours, to move very nearly parallel 
to it felf, and to defcribe about the Sun every Year, a 
Circle fomewhat excentric ; to the Plañe of which 
its Axis is inclined T wenty-three Degrees and a half. 

5 . Wky the 3 . Upon this Hypothefis, it is evident, Firft, That 
Heavensfecm the Sun as well as the whole viíible Heavens, ought to 
u ' rn feem to defcribe every Day, from Eaft to Weft, a Cir- 
**»m. d e parallel to the Equator! 

4 . why the 4 - Secondly. Becaufe the Earth goes about the Sun 
s«n appears f r0 m Weft to Eaft, the Sun muft neceflarily feem to move 
wéftTo^Eaji frotnWeft toEaft in the Firmament, in which it would ap- 
w the Etiíp- pear to defcribe a Circle, which would indeed be thefame 
«'<*• as the Equator, if the Axis of the Earth were perpendicular 

to the Plañe ofits annual Circle, but muft now differ from 
it, and interfe&it atan Angleof Twenty-three Degrees 
and a Half, which is its Diftance from it, by reafon the Ax- 
is of the Earth has thus much Inclination to its Plañe. 

y. Having íhewn how the Sun óught to appear, to 
turn about the Earth from Eaft to Weft every Day, and 
to defcribe Circles parallel to the Equator; and further, 
that it ought alfo to have an apparent Motion from Weft 
mh.nwe 'httve to Eaft in the Ecliptick, which it feems to move thro’ 
mwmenumd j Q a Year, it is eafy to fee that this will folve all the 
particular Phenomena before-mentioned ; I íhall not 
therefore fpend any further Time in explaining them. 

6. However I cannot omit in this Place, twoveryim- 
portant Things, belonging to the SubjeÓ: we are now 
treating of. The Firft is, That though the Diftance be- 
twixtthe Earth and fomeofthe fixed Stars, increafesor 
diminilhes in fix Months time, by the Length of the 
whole Diameter of the Earth’s annual Circle ; yet thefe 
Stars ought not to appear bigger at one Time than at 
another. The Second is, that though the Circle which 
the Earth deferibes about the Sun, isverylarge confíder- 
ed by itfelf, and with regard to thefe Meafures which 

1 1 The Celcjlíal Matter &c.) See the Notes on Chap, xxv. Nrt.zz .ofthis Part. 

we 


5 . That all 
the other 
Phanomena 
of the Sun 
depend upon 


6. That the 
apparent 
Magnitude 
of the fixed. 
Stars j and 
the Pola of 
the Heavens 
ought never 
to alíer. 
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we here malee ufe of upon the Earth, yet notwith- 
flanding, the apparent Pole in the Heavens ought not 
to change íts Place, but abvays thronghout the whole 
Year, to keep the lame Diftance from the Pole Star. 

7. As to the firft of thefe two; befides the Proof of 7- Why the 
it from henee, that the Diameter of the Earth’s annual 
Circle, as largeas it feems to us tobe, is not at allfen- 
fible, but amerenothing, compared with 1 the immenfe S ‘ ars newt 
Diftance that there is betwixt the Earth and the fixed a “" 5 ' 
Stars; befides this, I fay, there is another Reafon which 
í think no one has hitherto taken Notice of, and that is 
this; We judge of the Magnitude of a fixed Star by 
theBignefs of thatPart of theBottom of the Eyev/hich 
is íhaken, when we look upon it : But the Impreflion 
which a Star makes, is fo ftrong, that it fpreads over a 
Space a thpufand Times bigger in Diameter perhaps than 
the true Image ; fo that we fee it 2 far bigger than it 
ought to be feen. This being fuppofed ; if we imagine 
that the Diameter of the Earth’s annual Circle were ib 
large, compared with the Diftance betwixt the Starry 
Heaven, that we were twice as near a fixed Star, one 
Time of the Year, than we are at another, its true 
Image out to be twice as large ; but the trembling or 
íhalcing, if it.extends itfelf to its ufual Diftance all round, 
muft caufe the Diameter of the falfe Image, by which 
we judge of the Diftance of a Star when we are neareft 
it, to be greater than the. Diameter of the falfe Image 
when we are furtheft off it, by a thoufandth Part only 
of its Diameter, which is not at all fenfible : It follows 
therefore, that the apparent Magnitude of the Image 
ought not feníibly to increafe. 

8. As to the apparent Pole in the Heavens never al- 8 .Whyáe 
tering its Place, that is entirely owing to the immenfe 
Diftance of the fixed Stars from us, and to the Earth’s 
Axis alwavs' keeping parallel to itfelf. For henee it Heavmt 
follows, that the Alteration of the Pole in the Heavens, 
being exaétly equal to the Change of the Place of the auLt al" tht 
Earth’s Pole; the Alteration of the Pole in the Heavens 2"«r. 
cannot be at all fenfible, becaufe of its great Diftance. 

I With the immenfe Di/lance.'] See I z Far bigger that) it ought.'] Sea 
Notes on Chap. xxv. Are, 3. of this I Notes to Chap. xxxi.Art.26. of the 
Pare. ' J firft Pare. 
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C H A P. XIX. 

' <An Explication of the apparent Motion of the fixed 
STAR S. 

i. 7hat the *r Airi not now fpealdng of the diurna! Motion of 
a Jií"na¡ C A t ¡ ie fi xe ¿ S tars • E t * ie Earth turas about its own 
Mctlmtf the Center, they muft necelTarily. feem fo to move : The Quef- 
fxcdStars tion now is concerning another Sort of Motion, by 
fheEoríhT whieh every fixed Star leems to increafe its Longitude 
tnmwgaheM fínce Hipparchus's Time. 

own In order to account for this Pharaomenon, we 

z‘ nt %Cm- need on 'y t0 fuppofe, that the Earth, in its annuaí Re- 
jéíi«refor volution about the Sun, dees not keep an exaft Paral- 
expiaining lelifm, but that it líbrales a very little, fo thatin a great 
S Rcmtutíon many Thoufand Years, each of its Poles deferibe a 
of the fixed fmall Circle from Eail to Weít. 

Sta 'wh the 3' Upon this Suppofition, th t Earth' s Equino ¿i i al Cir- 
fixed Stars ‘ ele will be applied to difíerent Parts of the Heavens, 
feem to move and therefore th tEquinoólial Circle of the Heavens muft 
f'°Z mí¡ Co alter in the fame manner, and cut the Ecliptick in dif- 
ferentPoints, fucceeding each other from Eaft to Weñ. 
Now fínce we reckon the Longitude of the Stars from 
the Point of Interfeílion of thefe two Circles, it muft 
neceífarily increafe a little every Century. 

4. vfihy the 4. The Alteration of Longitude that happens to any 
facTsur! 1 * oné ^ xec ^ Star ' n a certa ' n Nutnber of Years, muft be 
fr‘m We¡i to the fame in every other fixed Star; but all the fixed 
« Stars together may alter their Longitude more fenfibly 

wtegnai. j n one Age than in another, if the Libration of the Earth 

be greater in one Age than in another. 

$. Why the y. In order to explain how the Declination of the 
^theEditiif Ecliptick is leífeiied, as Aftronomers have from Time 
Vffensfróm t0 Time obferved, lince the Days of Hipparchus ; we 
Time to Tíme, need only fuppofe this, that the Libration of the Earth, 
hath cauíed its Axis to be a little more elevated above 
the Plañe of the Ecliptick : And from henee it will 
follow, that the Equinoccial Circle in the Heavens muft 
approach fomewhat nearer to the Ecliptick in which 
the Sun feems to move : There being therefore not ío 
much Diftance betwixt the Ecliptick and the Equator, 
as there was before, we imagine the former of thefe 
Circles to have come nearer to the latter. 

6. The 


1 
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6. The Libration which we here afcribe to the Earth, 6 - That ttie 
makes the Poles of it alter their Places ; whence it fol- 

lows, that they ought not always to correfpond to the mfwer t« the 
fame Places in the Heavens ; and .thus late Altronomers 
have obferved, that the Polar Star is much nearer the , h ‘a t th?j nt 
Pole now, than it was in the Days of Hipparchus. fwmtriydu, 

7 . But no Libration or other Notion whatfoever, 7 . That the 
which we fuppoíé in the Earth, 1 can caufe any Alte^ Ubmim »/ 
ration in the hlevation of the apparent Pole of the Hea- the 

vens above the Horizon in any particular Place, fo long EUvd^n 
as the fame Points of the Superficies of the Earth, con- of the fule, 
tinue to be the Poles of it. Becaufe, as the Poles altef 
their Places, the whole Earth is altered likewife, and 
confequently the Horizon in proportión. Thus if we 
fuppofe the Pole of the Earth to correfpond to a Place 
in the Heavens, díffering fíx Degrees from the Place to 
which it correfponds now ; the Horizon which we con- 
ceive upon the Earth, would correípond to a different 
Place alfo, from what it did before, by the fame Num- 
ber of Degrees : Whence it follows, that the Elevation 
of the Pole above the Horizon muíl be always the fame. 

8 . It is true, that if we fuppofed the Earth to turn ‘8.tf° n the. 
upon different Poles from what it does now, then this E i‘ v /“p n 
Elevation would indeed be altered : And this would „¿ v e e ,° h '‘ 
agree with the Opinión of fome Moderns, who pre- árk » n may 
tend, that the Latitude of Pari r, and confequently the ie al,er “t- 
Elevation of the Pole, is not the fame that it was for- 

merly, and that the Limits of the Suii’s Setting are alfo 
altered, 

I Can caufe any Alttratim, &c ) j Diflance from that Star which isnoiV 
The Elevation of the Pole it felfj I called the Pole-Stati would be very 
Would not mdeed be altered, but its J much altered. 
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C H A P. XX. 


\An Explicatíon of the Motions of Mercury and 
Y enus. 


I There is no 
viecd of'mak- 
ing any nexo 
iSnppofition 3 
in order to 
expiara the 
P han omena 
cf Mercury 
and Venus. 


2.. Heno 


E have been aíready aífured, that Mercury and 
Venus are much nearer the Sun than the Earth 
is ; which being granted, there is no need of fuppoíing 
any Thiug new, in order to explain the Phsenomena ; 
they all neceíTarily folio w, frtíta what has been airead'/ 
fuppofed in order to explain the Phsenómena of the 
Sun. % 

2. For, Firft, lince the Earth turns about its own 


MércuryW Center fromWett to Eaft in twenty-four Hóurs ; Mer- 


Venus fum 
to tur7i round 
from Eaft ta 
W.ft every 
Day. 

g. Hoto they 
cught to 
appear to 
7»bve from 

Wcft (o Eaft\ 
4. That they 
cii'gbi to 
deferibe a 
great Circle. 


cury and Venus muí! neceíTarily appear to move from 
Ealt toWeil, and to deferibe every Day a Circle paral* 
leí to the Equator. 

3. They ought alfo eacb of them to, deferibe a 
Circle about the Sun from Weft to Eaft, becaufe they 
are contained 1 in the cteleftial Matter, which carries 
the Earth about in that manner. 

4. Further, according to this Law of Mech'ámcks 
founded in Reafon and Experiénce, viz ■ that etieryBody 
■which-moves in a Circle, endeavours to deferibe the largeft 
Circle that it can ; Mercury and Venus, as well as the 
Earth, ought always to be in the Zodiack ; becaufe that 
is the largeft Circle which the casleftial Matter in Which 
they are carried deferibes. 

y. The Circles which Mercury and Venus deferibe 
about the Sun, being lefs than that in which the Earth 
inhfs thaí a is moved about it ; we ought to conclude, that the tras 
Xear. periodical Revolutions of thefe two Planets, are finiíhed 
in lefs than a Year. 

6. That they 6. However, they ought to appear to falce up more 
Time in making a Revolution, than they reallydotake 
up; becaufe we cali that theBeginning of their Periods, 
when thefe Planets are between the Sun and the Earth; 
and we fuppofe this Period not finiíhed tillwefind them 
there again : But becaufe the Earth changes its Place 


5*. That they 


to 

appear to 
tape up more 
Terne in a 
Revolution 
than they 
really do take 


*p. 


alfo, whilft the Planets maketheir Revolutions, that alfo 


1 In the calejlial Matter, &c.) See the Notes upon Chap. xxy. Art. ai. 
of this Pare. 
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will be in a different Place from what ít was ¡11 at the 
Beginning : Whence it follows, that the apparent Pe- 
riod of every one of the Planets, muft necelfarily com- 

Í prehend not only a wbole Circle, but as much more 
al fo, as the Earth has paífed through in the lame 
Tíme. 

7. This being well underfiood, it will not appear at nus 
all ítrange, that Venus, which moves in a lefs Gírele cl«ife¡„uf s 
than the Earth, fhould notwithftanding appear to take than C ¡ & hc 
up nineteen JVionths: For the Earth haying in this Mm “ hs ■ 
Time gone above aRevolution and a half; Femsrcmü. 
have made more than two Revolutions and a half, 
when we think, that (lie hath made but one ; whence 
it follows, that íhe finiflies her Gourfein lefs than eight 
Months. 

8. And becaufe Mercury feems to malte his Revo- 8. That 
lution in fix Months or thereabouts, diiring which ¥£¡¡£' 7 . 
Time, the Earth makec ' a Revolution; therefore cZ,[íLZLs,t 
Mercury really finiíhes his Co u ... in about four Months, fiar Months. 


CHAP. XXL 

An Explication of the í Adotion of Mars, J upiter, and 
Saturn. 

S IN,CE we are already aflured, that Mars, Júpiter, 1 That Mars, 
and Saturñ , do indeed fo move about the Sun, that J u P ic “ ani 
the Circles which they deferibe, contain the Earth’s aT ‘ 

Circle within them ; this is fufficient to convince us, di/ta, lt frcm 
that thefe Planets alfo 1 fwim in the eseleftial Matter, th f s ' m '*** 
and that they are further diftant from the S.un than the ‘ le “ rl ,s " 
Earth is. 

2. This being fuppofed, it follows, that Mars, Ju- 2 , Ho „ thej 
piter , and Saturn muñ not only feem to tura about appear t o 
the Earth from Eaít to Weíl in twenty-four Hours; 
butjmuft alfo be catried along by the eseleílial Matter 
which contains them, in the fame manner as Mercury , Homsfrom 
Veyus, and the Earth are carried. Eaft to Wtfls 


J Smim in the cxkftial Matter, Scc. See the Nctci an Chap.xxv. Att 22. 

D 3 3. Accord- 


4 . Hnwthefe 
Planets 
appcar 
retrograde. 
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g.w&rMarj, g According to the Mechanick Law befare mention- 
e< ^’ t ^ ie Jireles which Man , Júpiter , and Satura de- 
w fimsay fcribe, ought to be under che Zodiack ; and as they are 
Tr.a-s in larger than that which the Earth defcribes, it is eafy to fee, 
Thé'sttn ab ° U ‘ t ' iac the y cannot bnífli their Courfe in fo (hort a Time 
' e as the Earth does hers. Thus we fee the Reafon why 

Mars finilbes his Courfe in near two Years, Júpiter in 
Twelve, and Satura in Thirty, as they are obferved 
to do, viz ■ becanfe they being further diftant from the 
üS.un than the Earth is; the c-eleftial Matter at fuch 
Diftances, ought to take up proportionable Times to re- 
volve round. 

4. Though thefe Planets move always direQly on, 
and never ftand ftill, or go backwards, yet they muft: 
neccíEirily appear to be ftationary and retrograde, and 
that at the Time when we think they íhould be fo, viz. 
;they feem retrograde as often as the Earth paíTes be- 
twixt the Sun and them : becaufe we then move the 
fame Way as they do, but quicker than they ; therefore 
we muft fee them applied to different Parts of the 
Starry ELaven every Day, and move the contrary Way 
to that w'hich we go. 

y. And as to their Stations, we ought to fee them be- 
fore and after every Retrogradation, becaufe then the 
Determinaron of the Earth’s Motion, is fomewhat 
oblique to the Determination of the Planet’s Motion: 
So that the Velociiy with which we are moved, is fuf- 
ficient only to make us fee the fame Planet in the fame 
Place for feveral Days together. 

6. This will be clearer by looking on the Figure. 
parttcuhT" Reí us fuppofe, for Inftauce, the Circle here nfarked A 
- to be the Sun; BC to be the Earth’s animal Circle; 
D M the Orbic of one of the Planets, Mars , Júpiter , 
^Tab'xni. or $ at!lrn 5 and that F G reprefents the Starry Heaven : 
jFig. 1. This being fo, if we conceive the Plapet to be at D, 
and the Earth atB, (fo thatwe areaboutto pafs betwixt 
it and the Sun) we muft then fee it under the Place of 
the Heaven marked F. Further, if when the Earth is 
got to H, the Planet, which moves ílower, is got toE 
only, we ought to fee it in F ftill, the fame Place of the 
Heaven ; and this explains the Station which precedes 
the Retrogradation ; after this, if we fuppofe the Earth 
to be got as far as I, and the Planet to L, then. we 
ought to fee it under the Place of the Heaven marked 
G, which is more Weft than the P.oint F, where it 


y. Hoco they 

appear 

Siationary. 


6. A more 


Explication ,j 
their Stations tO DC the 
Retro - 


appeared befare; 


which explains the Retrogradation; 

ipaíllv. 
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Laftly, if we fuppófe theEarth to be got to C, and the 
• Planet to M, we ought ítill to fee it in the fame Place 
G ; and thisexplains theSecondStation, which follows 
the Retrogradation. 

7. TheNearnefs of Mars, makes theArch FG, that 7. whmn it 
¡ is, the Parallax , and hís Retrogradation, larger than y 

í; the Parallax and Retrogradation of Júpiter. And be- safu'ín?^ 
caufe Júpiter is nearer us than Satura , for the fame mtqnaiiy 
Reafon his Parallax and Retrogradation are larger than rt,rr 'í ratlc - 
thofe of Satura : Whence it follows, that when Mars 
is retrograde, he ought to appear to move through a 
- bigger Arch of the Heavens than Júpiter , and Júpiter 
through a bigger than Satura. 

8. According to this Hypothejis ; «when the Earth is 8 - w b lh >í‘ 
betwixt the Sun and one of thefe Planets, we are nearer 

it by the whole Length of the Diameter of the Earth’s wbm Lijare 
annual Orbit, than when the Sun is between this Planet ran f , a d c ^ 
and us, and therefore the Planet ought to appear bigger •; ” h J t th!,T 

now this happens at the Time of its Retrogradation ; it xigmft 
is evident therefore, that tl^e apparent Bigneis of a Planet 
when it is retrograde, ought to exceed its apparent Big- Kner ¡ Ka b‘ 
nefs when it is dired. And becaufe the Length of this 
Diameter by which we are nearer to Mars, bears a 
greater Proportion to that Diítance which we were froin 
him before ; than the fame Diameter, by whofe Length 
we are nearer Júpiter alfo, does to the Diítance we 
were from Júpiter ; it follows, that the Increafe of the 
apparent Bigneís of Mars, ought to be greater than the 
Increafe of the apparent Bignefs of Júpiter : And be- 

I dtufe our Approach to Satura is fcarce perceivable, 
becaufe of his great Diítance; therefore his apparent 
Bignefs is hardly at all increafed, when he becomes 
¡retrograde. 
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C H A P. XXII. 

An Explicados of the Aíoorí s Aíotion. 

1 . That the t_ |~ l H E Eclipfes of the Moon and of the Sun ; the 
wZmd m apparent Bignefs cf the Moon, the Strength of its 
‘the'zíuh" Light, and its Paralax, do all fhew, that the Moon is 
Vértex. ri'ot very far diftant from us: Whereforeit is natural to 

think, that it is ccfntained in 1 that fmall Vortex, in 
the Middie of whic'n the Earth is placed. 

2. That ¡he 2. And becaufe the Matter of this Vortex is turned 
SSOSíim its Center frefrn Weft to Eaft, it muft carry the 
abext the Moon aloiig with it in that Manner about the Earth : 
Marih frmi ]3 ut (5p ce the Circle deferibed by the Moon, is much 
tvjí to Eaft. j ar g er t h a n the Globe of the Earth ; it is reafonable to 

think, that if the Earth makes aRevolution of twenty- 
four Hours, the Moon cannot tnake one in lefs than 
a Month. • 

Hoto the 3. This Length of Time which the Moon takes up 
temito^o ] ' n r e V ü Jving a faout the Earth, is the Reafon why lite 
roZd°m K ° appears to tnake almoft an entire Revolution from Eaft 
Tiventy-fanr to Weft cvcry Day, wbilft the Earth revolves about its 
Eolito ím Center in the fame Time from Weft to Eaft: But this 
ani ¡n a ’ does not hinder, but that in a Montlfts Time or there- 
Mnnthfrom abouts, the Moon may run through all the Signs of the 
mji u 2 odiack from Weft to Eaft. 

4 .iVhythe 4. We muft take notice here, that the Vortex 41 

the Moon is carried, and in whoie Center the 
w°fl u Eaft, Earth' is placed, being comprelfed between theHeavens 
i mor ¡fe, ijibtc of Venus and Mars , is not exaótly round, but of an oval 
the Con- Figure ; the leíler Diameter of which, if continued, 
w ou Id pafs through the Center of thofe Heavens, that 
tirar, at the is, through the Sun : This being fo, the fluid Matter 
gnatiratmes. Q f this fmall Vortex, which runs round the Earth, muft 
necefíarily move quicker in thofe Places where the 
Paflage is ftraighter than in thofe Places where it is 
larger: Wherefore the Moon, which is carried in this 
Matter, being in the ftraighteft Places, at the Times of 
its Conjunétions and Oppotitions, its hSotion towards 
the Eaft, ought to'be more fenlible at thofe Times, 
thanat any other. 

1. That ¡malí Vortex, SCc.) See the Heles on Chap. xxv. Alt. 22. 

y The 
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•r. The Figure of the Moon’s Path, which is that of s- Wb the 
¡an ¿val, hinders it from being 1 fo far diffant from the fZuiíiZ 
~arth, at its Conjunftións and Oppofitions, as at its gatim in the 
fQuadratures. And henee it is, that about the Time of gí«drat„rcí, 
|the Conjunclions and Oppofitions, the Moon’s Diarne- 
ter onght to appear largeft. 

6. If the Motion of the Matter of a fmall Vortex 6 - th! 
h which the Moon is carried, were to accommodate 
tfelfto the Earth’s Motion only, then the Moonwould exaáymder 
ppear to move framWeft to Eafl: under the Equator; ih ‘ Edifticto 
nd on the other Hand, if the Motion of this Matter, 

accommodated itfeif to the Motion of the great Vor- 
ex about the Sun only; then the Móon would appear 
to move always under the Ecliptick; but being to ac- 
ommodate itfelf to both thefe Motions, it follows, 
hat the Moon can ueither be carried nnder the Equa- 
tor, ñor under the Ecliptick, but ¡na thirdCircle, which 
ipproaches nearer the Ecliptick than the Equator, be- 
caufe the Moon is nearer the Sun’s Vortex, than ilie is 
the Globe of the Earth. 

7 . The different Phafes in which the Moon appears 7. V ut the 

at diflerent Times, and the Eclipfes of the Sun, are ' 

¿xplained in the farne manner in this, as in the forego- ‘ 

ing Hypothefis. ■ expUm'd the 

8 . Tho.ugh according to this Hypothefis, it is ealy to ^\^ nn ‘ T 
imagine a Compofítion of the whole Heavens ; yet I Hyptthcjis 
thought it proper to reprefent them in the following « •» the 

- 1 Tab. xun 

Fig. 2, 

i lío fjr ñifíiVit from the Earth , J geums and tvoo Apogtotmsy which very 
&c.j c is ro be obferved how- j much alrers chisMacter. See Taponéis • 
éver, thac che Moún has cwo Veri- ¡ AJlron. ‘Book II, Chaf>. ii. Nnmb» 16. 
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e h a p. xxm. 

Of the Syflsm of Tycho-Brahe. 

i. The firj! T) E S I D E S the two S y ítems of the World which 
were publifhed by Ptolemy and Copernicus , Tycho - 
Tydn ‘and Brahe invented a third, which has fomething in itcom- 
Copermcus mon to the other Two: For as to the Pofition of the d 
apee. Parts of the Univerfe, Tycbo agraes with Copernicus , 
except cnly in this particular, that-he makes the Earth 
the Center of the fixed Stars. 

i.Thrfir/i i. And in order to explain the Motion of the Hea- 
pjT-ituUr vens a nd firft, the apparent Motion of the whole Hea- 
¿¿mirnth v ens, which they feem to complete in twenty-tour 
Ptolemy. Hours, Tycho was of the fame Opinión with Ptolemy , 
viz. that theEarth is at reíl in the Center of the World, ¡ 
and that the whole Machine of the Heavens is turned 
about it from Eaft to Weít in the Space of a Day, by i 
the Aétion of the Primum Mobile. 

3. The fecond 3. He alfo explains the particular apparent Motion 
ParticuLir n f f¡ xec j g tars ; n i-jjg f ame nianner as Ptolemy and 
"ZTJí his Follwers did. 

Ptolemy. 4. But in order to account for the apparent Motion 
Pa^h,!ia°" d £ ^ e Planets, we may affirm, that he entirely agrees 
, n whiih he with Copernicus, that is, he fuppofes Mercury , Venus , 
afees mth Mars , 'Júpiter , and Satum , to revolve about the Sun, 
Copernicus. a n d the Moon about the Earth, in the Times mentioned 
by Copernicus. Heonly addsfurther of his own ; that the 
Sun revolves about the Earth from Weíi to Éaít, and 
carries alongwith it, that hugeMafs, of which it is the 
Center, coníifting of all the Heavens of the Planets, 
whole and entire, and always parallel to itfelf; in fuch 
a manne?, that the Earth, being always at an equal Di- 
fiance from the feveral Parts of the Starry Heaven, is 
to be found fucceffively in all the Places' contained be- 
tween the Heavens of Venus and Mars , to which Co- 
pernicus fuppofes it applied in the Space of a Year. 
y. Wheeein y. So that all the DiíFerence that there is betwixt the 
th,Hyvt,:hef,í Opinión of Copernicus and Tycho with refpeíl to the 
Earth, compared with the finid Matter of the World 
that of through which n moves, orwhich moves bytheSidesof 
Coptrracus. conlifts in this : That Copernicus fpeaks of the Motion 
of the Earth, as a Man would do, who was going to 
explain how he got from P aris ta Orleans, viz,. by point- 

ing 
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ing out the Way, and faying, that he was carried along 
iu^it by the Motion of a Coach and Horfes ; whereas 
Tycho in fpeaking of it, would do like another Man, 
who, having been in a Coach froin Parts to Orleans , 
the fameWay; would not acknowledge, that either the 
Coach or Horfes moved atall, butaffirms, that the Way 
is moved, and the Wheels of the Coach only turned 
about their own Aíes, and the Horfes only lifted up 
their Legs, in order to let the Way ílip under them, 
and that they might not be carried along with it. 

6 . They who are well acquainted with the Hypothe- That the 
fes of Ptolemy and Copernicus , will find no great Dif- Hjpothtfis 
ficulty in obferving how this agrees with the Phcenomena , XTXÍX 
but will fee, that it very well eyplains the Directions, thcPhtmmc- 
Stations, and Retrogradations of the Planets. na V ' T 3 adl ‘ 


C H A P. XXIV. 

Refleffms upo n the Hypothejes of Ptolemy, Coperni- 
cus, and Tycho. 

W E have no Reafon to think, that the Struflure of 1 .That there 
.the World is fuch, aswe have no Idea of; becaufe 
jnThings merely natural, weeaqalways judgeof them Hnothefif™ 
according to the Ideas and Notions which we have of the míe ene. 
them. But becaufe we have here propofed three Noti- 
ons of the fame Thing, one of which only can be the 
true one, we. muí! neceííarily rejeét two of them as 
falfe, and retain the other as the only true one. 

2. In order to choofe which of thefe Opinions we * 2 3 - Baa t0 
íhouldbeof, we muíl throughly conlidertheHypothefes 
oí Ptolemy., Copernicus , and Tycho , and compare them Hyputhefei. 
exadly with each other; for ifwe find any one of them 
to contain any Thing contrary toExperience or Reafon, 
we ought not to make any Difficulty in rejeéting it, 
in order to our embracing that only, in which there are 
no fuch Repugnantes : And if there be no fuch Repug- 
nantes in any. of the three, yet we ought always to fix 
«pon that, which is the molí (imple, and has thefeweíl 
Suppolitions; becaufe the more the Phtenomena are, 
which can be explained by it, without making any new 
Suppolitions, the more the Proofs are that it is true. 


3. The 


tfo R O H A V L T's System Partí!. 

a* The firfl j. The Hypothejis of Ptalemy , as was before ob- 

aTÍZh7u, f erve d, is cdntrary to Experience, with relatiou to the 
7‘j°á' & the different Phafes of Venus and Mercury. 

-Hypothejis of 4 . j t i s a ifo contrary toReafon, becaufeit allows of 
4 l °The}¡isnd L'bra.tions in the Chryñalline Heavens ; for this is to j 
Áeafin. admit of a great Alteration, in order to explain a fmall 
One: Thus a Body which moves- on always the fame i 
Way, though with unequal Velocity, does not under- 
go fo much Alteration, as a Body v»hich, having begun j 
to moveoneWay, moves all atonce the oppoíite Way, 
To which may be added ; that the Libration which is 
introduced in order to explain the unequal Motion of i 
the fixed Stars, is not fufficient for that Purpofe; fon 
-Aftrononaers do very often find that their Calculadora 
do not agree with the Phsnomeua. 
y. The thlrd j £ ought alfo to be rejedled, becaufe of the great 
N.umber of particular Suppoíitions, which it contaius, 
and which are made upon all Occaffons, in order to 
explain any new Phosnomenon ; fo that nothing can be 
deduced from the firft Suppofition, that will explana any 
new Thing, and which confequendy íhould be taken 
for a Confirmation of the Hypothejis. 

6 . The fourth 6. Further, lince he aferibes to the Primum Mobil?, 
Rcafi». a Power of carrving along with it from Eaft to Weft, 

all the Heavens which are contained in it; we cannot 
conceive any Reafon wiiy it íhould not carry the Earth 
along with it alfo; and that fo much the rather, becaufe 
the Defenders of this Hypothejis , fuppofe it to be an 
unaójtive Mafs, and are direftly againft allowing it any 
particular Motion, by which it might advance as much 
fromWeft to Eaft, as the Primum Mobile would carry 
it from Eaft toWeft; which is however the oniy Thing 
that they themfelves make ufe of, when they would 
íhew why the Starry Heaven and the Heavens of the 
Planets, donotfinifh their Revolutions in the fame Tíme 
as the Primum Mobile does his. 

7 . That Gra- 7 . I know that it is ufual to fay, that the Gravity of 
ImdnthT' ^ art *b hinders it from being moved by the Hea- 
¿jTthfrm vens which incompafs it; but I know alfo that this 
heing carried Reaíon is not a truc one: For, all that Experience 
Primum teac ^ es us ? ’ s ’o that Gravity is a Quality by which ter- 
Mobile, reftrial Bodies tend to the Centcr of the Earth, and tend 

likewife in the fame manner to unite with each other : 
Now it feems as abfurd to apply this Gravity to the 
hindring the Earth’s Motion ; as it would be to affirm, 
that a JSjumber óf Perfons who are in a Boat that turns 

round. 
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round, might hinder themfelves from being turnedabout, 
by clafping each other, and faítning themfelves together 
as cloíe as they could. 

8. That the Hypothejis of Ptolemy cannot be the true 8 - Tha } 
one, is moíl evident from henee ; that the Philofophers “tUHplhtfs 
of the feveral Ages íince him, have not been able to of Ptolemy’ 
find out theReafon of tvvo Sorts/of Motions very con- lf‘ h " r £ r 
iiderable, aüd which they themfelves own to be of very tlT' 
great Importance : The firít of thefe, is that Motion Flux and 
by which heavy Things defeend downwards, and light ^‘f ¡ r J a f í ‘ e ht 
Things afeend upwards, that is, they have not yet been expide/. 
able to (hew, what Gravity and Levity coníiíl in .• . 

The other is that Motion by which the.Waters of the 
Sea rife and fall twice every Day at certain regular 
Hours, which is what we cali the Flux and Reflux of 
the Sea. 

9. We have as much Reafon to reject the Hypothejis 9. That the 
óf Tycho , as that of Ptolemy ; for the Defecís are much fyp°‘hcjv of 
the í'ame in them both : We may indeed affirm, that ^defisi™ 
there are fewer'Suppoíitions in it toexplain the Motions than that of 
of the Planets by, and that it accounts very well for the Pralera y* 
apparent Phafes of Venus-, but it muíl be owned, that 

there is one Thing very íhockingin it, and which can by 
no Means be reconciled with Reafon, viz- when it fup- 
pofes that Motion, by which the whole Mafs of which 
the Heavens of the Planets is compofed, is carried thro’ 
the whole Firmament. For though we íhould fuppofe 
the Author of Nature, to have impreífed this Motion 
upon it at the Beginning ; yet we muíl acknowledge, 
that according to the Laws of Nature, which he him- 
felf has eílablifhed, and by which we fee all Things are 
governed, this Motion muíl gradually diminiíh and quite 
ceafe at laít ; becaufe, according to the fame Laws, 
it muíl be communicated to the eseleilial Matter, which 
that Mafs to which Tycho aferibes this Motion, conti- 
nually turns out of its Place. 

10. The. Hypothejis oí Copernicus , is, without Doubt, ro \Thaftht 
the moít íimple of the Three: For he malees no more Hyp°thtf¡s of 
Suppoíitions, than thofe few which are neceífary to ex- r L ^ e ™ CUS 
plain the apparent Motion of the Sun and fixed Stars ; probable 
and all the Phsenomena of the Planets, which he ex- 

plains afterwards, and efpecially, the Direólions, Stati- 
ons, and Retrogradations, of Mars, Júpiter, and S.;turn, 
are fo many Proofs to confirm his Hypothejis , and to . 
induce us to believe that he has hit upon the Truth. 


% 


íx. It 
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Cnnfir- TI . It ¡s a (lili greater Confirmation hereof, if we 
Tí' ’tb'rfí’ h ‘f confidcr, that as therc is but one Sun ¿o ¡Ilumínate the 
Copernicus. Earth and Planets, and that the Planets (hiñe by that 
foreign Light which they borrow from it; it is very 
probable, that the Earth alfo receives her Light in the 
íame manner as the Planets do: For, there is no doubt 
at all but that they receive theirs by revolving about the 
Sun, and, as we have good Reafon to think, by turn- 
ing about their own Centers likewife ; (for we are aflfured 
of this by Obfcrvation in Mar. r, Júpiter , and Saturna) 
which being fo, it is highly probable, that the Earth re- 
• volves in the fame manner that Copemicus fuppofes. 
iz. That this 12. Now there is this peculiar Advantage in this Hy- 
¿ZmnLn f oi ^ e fi s -> it will fatisfy .not only all reafonable Per- 
afUlTiTy 1 fons, but eventhofe that are very fcrupulous; byallow- 
Müúm to jng to the former the Liberty of thinking as theypleafe, 
the Eanh. anc j 0 p g; v j n g w híat Ñame they judge proper to that l’ranf- 
lation which the Earth makes ; and by fhewing to thé 
latter, who can by no Means agree, that any Motion 
at all fhould be afcribed to the Earth, thát they need not 
be in the leaft furprifed at this H , puthejis on that Account, 
becaufe it is indeed but very improperly, that any Mo- 
tion is afcribed to it. For if it be rightly underílood 
1 that the Motion is mthing elfe but the fuccejjive Appli- 
cation of the Superficies of any Body , to the different 
Parts of the B odies -which furround it , and immediately 
touch it-, we (hall fee, that what we cali the diurnal 
Motion of the Earth, belongs rather to the whole Mafs 
compofed of Earth, Seas and Air, than to the Earth in 
particular; which ought to be looked upon as at per- 
feft reí!, fo long as it is carried by theTorrentof Mat- 
ter in which it lwims ; in the fame manner as we fay, 
that a Man who is aíleep in a Ship, is at reí!, though 
theShip really is in Motion. So likewife will ítappear, 
that the Motion which we commonly cali the annuaí 
Motion of the Earth, does not at all belong to it, ñor 
to the Mafs compofed of Earth, Water and Air, but 
to the caeledial Matter, which carries this whole Mafs 
about the Sun. 

i -.That the 13- -A 5 t0 the Objeñions which are ufually made 
Objrtikny againíf this Hypothefis , as for Example, that it would 
made againji f rom thence follow, that a Stone let fall in the Air 
*/ copérní- from a very high Place, would not fall upon that Place 

cus, areofm on the Earth which anfwered perpendicularly to it when 
Forte. 


i That Motion is nothing^ clfe, &c.) j the Notes m Partí. Chat , x. Art. ,, 


How weak this is, may be feen in 

4 
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it was let go, but upon another Place to the Weft of 
Chat; becaufe whilíl it is defcending, theEarth is moved 
towards theEaft, and fuch likeObjedions; they cannot 
be propofed, but by fuch as have not been at the Pains 
to think feriouíly upon the different Circumftances of 
Motion: For, whoever has in the leaít conlidered this 
Matter, will eafily fee, that according to the great Lavv 
of Nature, viz- that all Bodies mili continué as much 
as they can , in that State in which they once are-, all 
the terreílrial Bodies, which have for fo long Time tu.rncd 
with the Earth from Weft to Ealt, muít have the fame 
Tendency to move that Way, as the Earth itfelf has ; 
confequently 1 a Stone let fall from a very high Place, 
cannot defcend without moving forwards exaéily as 
much as the Earth does; whence it muft neceflarily fall 
upon the Place which correfponded to it pcrpendicular- 
ly when it was let go ; and where we fee by Experi- 
ence, that it does fall. Ñor ought we to think, that 
the Air, unlefs moved by any external Caufe, fuch as 
theWind, will at all alter the Line in which theStone 
has a Tendency to defcend in; for the Air itfelf moves 
towards theEafl, in the fame manneras theEarth does, 
but it ought to move either quicker or ilower than 
the Earth, if it were to accelerate or retard the Stone’s 
Motion. 

14. After thefe Explanations, * we íhall make no 14. That tes 
Difficulty of joining with one Party, and declaring for think th¡ 
the Hypothefis which is commonly called Copernicus’s ; 
fo that when we mention our Hypothefis hereafter, we p° e fn^% 
are to be underñood to mean this, which in all ojir th ‘ etterTm* 
Philofophy we Ihall fuppofe to be the true one. 


I A Stone let fall from a very 
high Place , &c.) See the Notes on 
Part I. Chap. x'iv. Art. 3. 

2. i We fhall make no D¡fficitlty> &c.) 
You will find a very ingenious Ar- 


gument, for the Hypothefis of Coper - 
nicus above all che reft, drawn from 
the Difiance of thefixed Stars» below 
in the Notes upon Chap « xxv. Art. 3, 
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I. That the 
Sun ¡hiñes by 
itsownLight. 


2. Th.it the 
tither Planets 
Jhine by the 
Light which 
they receive 
from Che Sun. 


g. Thaj the 
fixed Stars 
Jhine hy the'tr 
o ven Light. 
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Of-the N ature of the Stars. 


N O Body doubts, but tbat the Sun (bines by its ' 
own Light, for we do not lee any where in the 8 
World a more luminous Body for it to borrow itsl 
Light from. 

2. What was before obferved, concerning theMoonJ/ 
and Venus, lhews us, that thefe Planets (bine by the : 
Light which they receive from the Sun; and lince the i 
other Planets do not appear to have any more Light of i 
their own than Venus-, and lince they all revolve about^ 
the Sun. as Venus and the Earth do, (which looks like 
fome Sort of Dependence upon it) it is natural to con- 
clude, that they aifo, like the other, íhine by that Light 
only which they receive from the Sun. 

3. The fixed Stars (hiñe a great deal brighter than the 
Planets, whence we conclude, that they fliine by their 
own Light as the Sun does. And indeed they are 1 at‘ 
fo great a Diííance from the Sun, that we are fure they 
could not be ícen at all, if they borrowed their Light 
from him, any more than we can fee the Satellites of 
Júpiter , and the fmall Star about Satura, wlthout good 
Telefcopes. 

4. This 


At fo great a Diftance from the 
Sun, 8cc.) That che fixed Sears are 
at an immeníe and inconceivable 
Diííance from us, may eafily be col- 
le<£ted from henee; that though by 
the Earth’s annual Motion, we are 
nearer them by che whole Lengch 
of che Diameter of che magnas 
Orbhy yec their Situación or Magni- 
tude (which indeed is but like a 
Point. See the Notes on Chap.xxxW. 
Art. 2.6. of this Part.) is non in the 
leafl alcered. And indeed it cannot 
be derermin’dhow great chis Diftance 
is i becaufe there is no Parallax ñor 
any other Method, whereby it can 
cercainly be found ouc. Mr. Hugens 
thought of a very ingenious Way of 
making a Conjeture about it in his 
Conjetures concerning the Planctary 
Worlds. Book a. Pag. izf. 


Thofe, fays he> that have hitherlt 
nndertooh to calcúlate their Diftance, 
have not bcen able pcrfcttly to compafs 
their Defign, by reafon of the ex tremí 
Nicenefs, and almoft Impcjfbility of ti) 
Obfervations reqivfite for their Pnrpofc. 

2 he only Method that I fee rcmabw£ 
to come at any tolerable Probabilily in 
fo dificult a Cafe, I ffiall here rnahe u¡t 
of Seeing then that the Stars 3 as I faid 
before, are fo many Suns, if we do bul 
fuppofe one of them eejual to onrs, it mili 
fotlow, that its Diftance from us, it ai 
mttch greater than that of the Sun, ai 
its apparent Diameter is lefs than tht § 
Diameter of the Sun. "But the Stars, ¡\ 
even thofe of the firft Magnitudc, ij 
though view ed throngh a Te/efcopt ■'} 
are fo very fmall, that they feem onij 
like fo many Jhining Points, withotii ^ 
any perceivabtc ’Breadth, .fe that I 
fah •; 
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4. This being fo, it isreafonabletothinkthat the fixed 4. That the 
Stars are fo many Suns, placed in diíferent Parts of the Síars 

World í® 

the Sun. 


fitth Obfervaiioni can htre do us no 
good. When I favo this roonld not 
fucceed, I Jltídied by robar Way I 
ccnld fo lejfen the Diameter of the Sun, 
as to make ir not appear larger than 
the Dog, or any othér of the chief Stars. 
To this purpofe I clofed ene End 
of my tvoelve Foot Tube roith a very 
th'tn Píate , in the Middle of which I 
made a Hole not exceeding the twelfth 
Part of a Line, that is , the Hundred 
and forty foíirth Part of an Iíich. 
tíhat End I turned to the Sun, pía- 
cing my Eye at the ather , and I could 
fee fo 7 nuch of the Sun , as roas in 
Diameter about the i8'2d Part of 
the Whole. But flill that little Piece 
of him roas brighter mnch than the 
Dog- Star is in the clearejl Night. I 
faro that this roonld not do, but that 
I mufl lejfen the Diameter of the Sun 
a great deal more. í made then fitth 
another Hole in a Píate, and againfi 
it I placed a little round Glafs that 
1 had made ufe of in my Microfeopes , 
of mnch about the famc Diameter 
roith the former Hole. Then looking 
again torear ds the Sun, (taking care 
that no Light might come near my 
Éye to hinder my Obfervation) 1 
found it appear of mnch the fame 
Clearnefs as Sirius. But computing 
according to the Rules of Dioptricks, 
I found his Diameter noto ivas but 
T'-fT part of that hundred and eighty 
fecend Part of his whole Diameter 
that 1 faro thorough the former Hole. 
Mnltiplying — and t71t0 one 


8 z 

I found to 


another , the Prodnñ 
TyTTTT^' The Sun therefore being 
Contradi ed inte fuch a Compafs , or 
being removed fo far from us [far 
ifs the fame thing) as to malte his 
Diameter but the 27664^ Part of 
that roe every Day fee, roill fend us 
jufl the fame Light as the Dog. Star 
novo doth. And his Diflance then from 
gis roill be to his prefent Dijiance nn- 
doubtedly as 27664 is to 1 j and his 
Diameter little „bove foUr Thirds f". 
Seeing then Sirius is Juppofed equql to 
the Sun, it f al loros that his Diameter 
is likewife 4"', cin d t hat his Difl ante 
to the Diflance of the Sun from us is 
as 27664 fo í. And rohat dn in- 
Yol. II, 


credible Diflance that is, roill appear 
by the fame Way of Rea foning that roe 
ufed in meafuring that of the Sun. 
For if troenty jive Tears are reqnired* 
for a 'Bulle t oút of a Cannon , roith 
its ittlitojl Sróiftnefs , to travel froni 
the Sun to us, then by multipfying 
the Hitmber 27664 into 25", roe 
Jloall fiad, that fuch a Ballet roonld 
fpend alrhoft feven hundred th’oufand 
Tears, in its Journey betroeen us and 
the nearefl of the fxed Stars. And 
jet when in a clear Night roe. look nport 
them, roe ctinnot chink . them aboyé 
fome feto Miles over o«r Heads. What 
I have here inquired into. is concern - 
ing the nearefl úf them. Por the 
other; Jince, as roas befare obferved , 
they are fo mnch farther removed iñtd 
the H&avens, that the Dijiance of the 
nearefl from the falloroing o nes, is ai 
■great as the Diflance of thofe from the 
Sun, rohat an iinmenjity mufl ihere 

> flill remam — : « Whén I havó 

been refiefíing thus roith mj felf, 

I thonght all our Arithmeticb roas 
nothing, and that roe are verfed but 
in the very Rudiments of Nnmberi 
in Comparifon of this great Sum. 
This is indeed a very ifigenióus Gori* 
jeóture of Mr.Hugcns, Buc our Flam - 
ftead haá at laíl found, by wonderfuí 
diligenc Obfervacions, thac che fixed 
Sears havé ari árfhúaí Parallax 3 
which is a cofnpleac Demonílrarioft 
of che Motion of the Earth. And 
chac chis Paralhx is about 30". 

Buc the following Particular^ 
which are worth Obfervation, are fo 
many Confequenceá of the vaft 
Di (lance of the fixed Stars. 

Firfl, If we were to approáeh: 
ninecy nine Times nearer to the 
fixed Staís than vfre now are, fo 
thac we were diftaht from thems 
huc a htindredch-Parc of the prefení 
Di (lance, we fhould fee them buc a 
very lítele bigger than we do nowí 
for they would appear no bigger 
ñor no otéierwife than they do now, 
when looked at with a Telefcope 
which magnifies the ObjeSt a huri- 
dred Times. 

Secondly, In me Parts at leaíl iii 
Teri of that whole Space which ís * 
betwixc ús and che fixed Stars, re- 
ceivé no more Light eitíwr from tlie 
; 5-un 
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World: la order therefore to explain the Nature and 
Properties of thera, I íhall íktisfy my felf, by explaining 
here the Nature and Properties of the Sun, and the Ex- 
plication of the one may ferve for the Explicaron of 
the other. 

s. What thi y. We have alreadyfeen, that thatPart of the World 
Istmif tl “ ’ n r ^ e Center of which the Sun is placed, and which 
reaches every way a great deal beyond Satura, 1 is a cer- 
tainVortex; theMatter of which, except the Earth and 
Planets, is very liquid and traníparent. T o which we may 
add, that all this vaít Extent of Matter, is compofed of that 
of the firítand fecondElementonly, and that itcontains 
a great deal more of the firít Element than'is neceífary 
to fill up all the Interílices that there muí! be between the 


Sun or from any of che fixed Sears, than 
we do from che Sears in aclear Nighc. 

Thirdly , Lighc (becaufe, as wás 
filewn above in the Notes oti Part í, 
Chop. 27. Art. 30. ic is propagated 
from che Sun co che Earch in abouc 
feven Minutes of Time) cannoccome 
from che fixed Sears to us in lefs 
than forey Days time ác the leaft , 
and Sound could non come from 
thence co us in lefs Time than fifey 
choufand Years j and a Ball íhot ouc 
of a Cannon, would calce up much 
longer Timeffill. See the Philojbphical 
Tra>faftious. No 209. . 

And from henee the famous Mr. 
Wkiflón draws a very'Ingenious Ar- 
gumenc which overthrows both the 
Pcolemaick and Tychoniclc Syfiems 
of the World: £ If, fays he-, chere 
c be any Difference in che Difiances 

* ofehe fixed Sears from us, and none 
‘ ofehe Pcolemaick Afironomers have 

vencured peremptorily co affirm 

* Chat there is noc j thenby reafonof 
4 their vaft Difiances, che Time 
4 which Lighc cakes up in coming 
4 from a fixed Star co che Earch, muft 
4 be very greac, noc co be meafúred 
4 by a few Hours or D3ys, buc by 
4 -whole Weeks or racher Months. 
4 Whence ic will follow, thac che 

* rrue Places of the fixed Sears, cho’ 
4 chey are boch realíy and apparently 
4 in cheir proper Parallels óf Deciina- 
4 cion ; yec with refpeíl co cheir righc 
4 Afcenfions, will very much differ 
4 from cheir apparenc Places, ñor will 

• 4 any one of them, unle fs by greac 
4 Chance, everbe in thac Place, with 
4 rdpeóf coche Horizonor Meridian 


4 of che Earth where icappears tobe. 
c And befides i c will follow from che 
e Difference of Diftances, chac che 
c real Order and Situación of the fixed 
c Sears wich regardeo each ocher, is 
4 noc fuch as we fee iefrom che Earth. 

4 We do indeed cercainly know by 
4 Obfervacion, the particular Parallel 
4 which anyof themós in, becaüferhe 
4 fucceffive Propagación ofLightdoes 
4 not ac all difturb their Situación 
4 íideways; but what their Places are, 
4 with refpeft to each ocher in any 
4 Parallel, cannot ac all beknownby 
4 Obfervacion, unlefs we knew their 
4 Diítances, and confidered well what 
4 Time Lighc would cake co pafs 
4 through them (which acprefencwe 
4 do noc.) Now fince we know che 
4 Places of the fixed Sears according 
4 co cheir Longitude and Latitude, 
4 onlyby having cheir Places wich re- 
4 fpe¿t co cheir righc Afcenfion and 
4 Declination given by Obfervacion 5 
4 ic will certainly follow, chac the 
4 real Places of the fixed Sears can 
c never be ac all determined by us, 
4 che íucceífive Mocion of Lighc 
4 hindering ic. Which firange or ra- 
4 cherwhimficalching, intheancienc 
4 Hypothefis, has noc been obferved 
4 by any Body (thac I knowof) buc I 
4 think ic is very well worch theNo- 
4 tice of theFollowersof Ptoícmy ( if 
4 there remains any fuch.) Where- 
4 fore I leave fo firange and fo un- 
4 artificial an Invención co be' con- 
: 4 fidePd by them and co be defpifed 
4 by you’Aflronom. Léii. ^-2.33. 

1 Is a certain Vbrtex , &c. See the 
Notes on Art, 2.2, of this Chapter. 


Parts 
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Parts of the fecond Element: In Confequence of this ; 
fmce it is certain that Bodies wblch move in a Círcle, 
have a Tendency to fly ofF from the Center of their 
Motion, and that the groííeft and moíl heavy Parts, 
fuch as thofe of the fecond Element, have a .greater 
Tendency to fly off than the other ; it neceífárily fol- 
lows, that the Parts of the fecond Element ought to 
go off’ from the common Center and to approach as 
near to each other, as their Figure and particular Mo- 
tion will allow : So that they ought to forcé into the 
Place which they leave, all the Matter of the firít Ele- 
ment, except fo much only as is requiíite to fill up the 
Intervals between them. It is certain therefore, that 
towards the Middle of the Vortex in which we dwell, 
there muff be a large Quantity of Matter, which is 
compofed of the firíl Element only ; and it is this 
Maís of the fubtle Matter which poffeífes the Center 
of the Vortex in which we are 1 , which we cali the 
Body of the Sun. 

6. We 


I Which me cali the "Body of the 
Sun, &c.) Since we have fhewn 
that the fubtle Matter mentioned all 
along above , and the Vortexes men- 
tioned belovo (in the Notes 011 Art. 
2.0.) are fi&itious and contrary to 
the Nature of Things: Let us hear 
whac the illuílrious Sir Ifaac Nevotcn 
fays fo incomparably well concern- 
ing the Nature of the Sun and 
Stars from other Principies. 4 Do 
£ not great Bodies, fays he, conferve 
4 their Heat the longeíf, their Parts 

* heating one anochers and may 
£ not great denfe and fixed Bodies, 
4 when heated beyond a certain 
4 Degree, emit Light fo copiouíly 
4 as by the Emi Ilion and Re-a£fion 

* of its Light, and the Refle&ions 
c and Refra&ions of its Rays with- 
4 in its Pores, togrow ílill hotter, cill 
4 ¡t comes to a certain Period of 

* Heat, fúch as is that of the Suns 
4 And are not the Sun and fixed Sears 

* great Earc'hs vehemently hot, wliofe 

* Heat isconferv’dby the greatnefs of 
s the Bodies, and the mutual Acción 

3 and-, Re-a£Vion between them and 
8 the Light which they emit, and 

* whofe Parts are kepc from fuming 

4 away, notonlyby their Fixiry,.but 
1 alfo by the Weight and Denficy of 
4 che Atmofpheres incumbenc lipón 
4 them, and very ílrongly comprefi- 
? fing them, and sondenfing the 


4 Vapours and Exhalations which 
c arife from them? For ifWater be 
c made lukewarm in any pellucid 
4 VeíTel, and chacVeffel beafterwards 
£ emptied of Air, that Wacer in 
‘ che Vacnnm will bubble and boíl 
£ as vehemently as it would do if 
c heated much hotter in a VeíTel 
c fet on the Fire in the open Air. 

‘ For the Weight of. the incum- 
c bent Atmofphere keeps down the 
c Vapours, and hinders the Water 
£ from boiling, untill it grow much 

* hotter than is requiíite to make ic 
£ boilin Vacuo. Alío a mixture of Tin 
4 and Lead being put upon a red hot 
£ Iron in vacteo^ emics a Fume and 
6 Fíame,' but che faine Mixture in the 
c open Air, by reafon of the incum- 
c bent Atmofphere, does not-fomuch 

* as emic any Fume, which can be 
c perceived by Sighc. In üke man- 
c ner che grear Weighcof che Atino - 
« fphere, which lies upon che Globe of 
c the Sun/ (For the Weight of Bo- 
diesupon the Superficies ofthe Sumís 
to the Weighcof Bodies upon theSu- 
perficies of the Earth, as che Magni- 
tude and Deníicy of the Sun is to the 
Magnicude and Deníicy of the Earth,) 

£ may hinder Bodies there from riíing 

« up and going away from the Sun in 
c theForm of Vapours andFumes, un- 
‘ lefs by Means of a far greater Heat 
‘ than that which on che Surface of 
F 7, * £ our 


68 RO HAV LT’s System Pan II. 

& Thutev/ry < 5 . We certainly find in this Mafs of fubtle Matter, the 
^ÜZhLh’h íame Properties which Experience íhews us, that there 
paraiiei tothe are in the Sun. For firít, This Mafs of fubtle Matter, 
Ediptuk, ís or t his very liquidBody, which wemay compare tothe 
rmnd • fineft Fíame, mu 11 neceífarily be round which Way 

foever it be turned about ; that is, if it be cut by any 
Plañe parallel to the Ecliptick, in what Part foever the 
Seótion be made, . it muí! always be a Circle, other- 
wife it would folíow, that there were Particles of the 
fecond- Element, that were not got fo far from the 
Center of the Circle which they defcribe, as they ought 
to be, but this is impofíible, becaufe the Heavens are 
fluid. 

j.muflfime y. Further; becaufe there is always a large Quantity of 
«ftheM.itt/r the Matter of this firít Element, which endeavours to 
íl ^ thC x>° from the Center of the Vortex, and which does 
Jhtr' Matter indeed go off from thence through the Interdices which 
cnters in by there is betweett the Particles of the fecond Element ; 
the PMs. ; t ttl way s endeavours to go off in Planes parallel to 
the Ecliptick, and never tends to the Poles. But be- 
caufe the World is ful!, the Matter which goes thus 
off from the Sun, forces other Matter to enter by the 
Poles. 

8 . That the 8 . Becaufe we conlider allthe fixedStarsas ío many 
s°'n\ríf 'an S uns 5 which confequently ought every one of them to 
fixcdStarZrt have their own proper Poles and Eclipticks, from which 
placed direffly the Matter ought to flow in the Mauner juíl now de- 
Mcítwkef ^ cr ^ ec ^ ’ > s reafonable to think, that that Matter which 
fimc“‘h°r flies off from the Places near the Ecliptick of one Star, 
fixed star, enters in by the Poles of another Star, which is con- 
firmed from henee, that we cannot conceivehowa great 
Number of Vortexes could fubiiíl long together, with- 
out deílroying each other, and being all blended into 
one, if the Poles of fome did not direílly correfpond 
to the Eclipticks of others. 


* oúr Earch would very eafily ttirn I { that on our Earth the Airincreafes 
e them into Vapoursand Fumes. And J < the Heat of a culinary Fire. And 
4 thefame great weightmay condenfe r 4 t he fame Weighc may hinder the 
c chofe Vapours and Exhalations as 1 c Globe of the Sun from beingdimi- 

* íoo'n as they íhallac any time begin j c niíhed, unléfs perhapsbythe Emif- 

1 to afeend ñora the Suni and make ! 4 fion of Light 7 and a very fmall 

2 them prefently fall bnck agaín into i c Quantity of Vapours and Exhala- 

* him» and by thac A&ion increafe I 4 tions. Newt, Opt. pag. 518. 

* his Heats much after che manner> i 


9. Now 
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9. Now the Matter of the fifí! Element which enters 9- That _ 
intoa Star at one of its Poles, goes onin a ílraightLine, ód/ 
till it meets with the Particles of the fecond Elément 

which are on theSideof the oppoíitePole, againít which 
ftriking and prefling with all the Forcé and Impetus of 
its Motion, it is refledted, and then turned round in 
Planes perpendicular to the Ecliptick ; and being moved 
everyWay and onallSides, it pufhesaway the Particles 
of the fecond Element, which were got nearer than 
the reft to the Genter of the Star which they incompafs ; 
and confequently it muí! by this Means become round, 
not only at the Poles and the Ecliptick, bu,t on every 
other Side of the whole Mafs : It follows therefore, 
that the Sun is an exaót and perfeít Globe. 

10. We fee alfo, that the Sun ought to be luminous, ^ Y¡% ‘hf 
becaufe the Matter of which it is compofed, by puihing ”” ” ' £ s ' 
all round, adds to the feveral Motions which they had 

before to malte thema liquid Body, fuch an Impreffion as 
isrequiíite to makethem, whenthey fall upon theBottom 
of the Eye, Ihake the Extremities of the final 1 Nerves 
which are there, and fo caufe the Senfation of Light. 

ir. It is eafy to colledt from henee, that the Suu is ”• ^fb ‘fc 
•virtually hot, that is, that it has a Power to excite the Sen- Sm,sh¡ ' t - 
fation of Heat inus: For itwas before íhewn, that this 
Power neceíTarily accompanies that of Light, and is pro- 
portionable to it ; fo that the Sun being very luminous, 
it muí! alfo be very hot. 

12. Itmay be obferved here,. that fome of the Particles I2> How the 

of which the Sun is compofed may fo meettogether and ths 

be entangled with each other fometimes, that though they / 0 ™ c rf. 
continué in Motion with reípefl to the Particles of the 

fecond Element, with which they are furrounded ; yet 
with reípedt to each other they are at refl, and fo com- 
poí'e an opake Body, like the Froth formed upon the 
Surface of Lrquors when they begin to boil : And this may 
ferve to account for thofe Spots which we often fee, by 
the Help of Telefcopes, upon the Body of the Sun. 

13. It is alfo obfervable with regard to thefe Spots, that 13 Whythry 
weneverfeeany of them, butnear the Ecliptick ; becaufe, 

though any one of them fhould begin to lie formed near e ciípiitk . 
the Poles, as foon as it becomes pretty large, itmuílbe 
forced to quit thofe Places, and retire towards the Eclip- 
tick ; for the Matter which defeends from the Heavens, 
and enters in at the Poles of the Stars, will pulir it and 
drive it that Way ; and according to the Laws of Motion , 
the T endeu'cy which it has to go off from the Center of the 

E 3 Circle 
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Circle which it defcribes, will canfe it to approach the 
Ecliptick as the molí remóte Place. 

14. xvhythé 14 And it may fo happen, that fuch a Number of 
Smí/Llt" t ^ e ^' c Spots may be formed, and they may be fo flop- 
tiedfometimcsi ped by each other, as to cover almoít the whole Body 
of the Sun : And tbis agrees with what we read in fome 
Hifrorians, 1 that the Sun has íometimes appeared with 
a very faint Light for a whole Year together, fo that 
Men might look ñeadily upon it without davding their 
Eyes. 

ir. That this iy. And becaufe, during this Time, the fixed Stars 
^ ^ not a PP ear le ^" s luminous than ufual ; it ¡s manifeft 
^Líghthnat to that the Weaknefs of the Sun’s Light cannot be im- 
te áfcribed to puted to any Vapours or Exhalations in the Air; for if 


for flme 

JV/o » 7 íhs 
together. 


the Clouds , 
and that the 


„, 4l ’t had fieen fo, the Stars would have been hindred 
fiTJsZruL from fhining likewife. And this fhews us alfo, that the 
fixed Stars do not borrow their Light from the Sun ; 


not recave 


Sun may 
dififpear. 


iltm IbtLn f° r ifthey did, they would not have” appeared fo bright 

por,, lie as u p ua J_ 

1 6. Hom the 16. The Comparifon which we jufi now made be- 
spotsofthe tween the Spots of the Sun, and the Froth which ga- 

thers together upon the Surface of Liquors when they 
begin to boil, give us Ground to think that they may be 
diffipated inLength ofTime as Froth is; either becaufe 
the liquid Matter of the Sun, which is in a very quick 
Motion, and agitated to the higheft Degree, begins to 
difunite the Bottom Parts of the Spots, whofe Particles 
were fioppcd by each other ; or becaufe this Matter 
gets over the Spot which fwims upon the Surface, in 
cite fame Manner as boiling Liquor rifes up and ílidys 
over the Froth, and at laft finks ittothe Bottom of the 
J Veffel. 

17. why the 17. It may be obferved alfo, that if anyof thefe Spots 

appears di'fappear in this manner, the Liquid Matter which paf- 
ihat’piMt f es °r flides ov'er it, and whofe Paffage is tHereby ltraight- 
%ohere. the spot ned, and its Motion accelerated, muft prefs upon and 
na, a. líale p U fn forward more than ufually, the Particles of the Se- 
cond Element which are againft this Place, and fo caufe 
us to perceive a brighter Light there, than in any other 
Part of the Sun’s Surface ; and this is confirmed by Ob- 
fervarion : For itfometimes hashappened, that upon the 


1. That the San has fometimes ap- 
peared, &c.] l J liny Book II. Chap. 
30. There have been prodigious and 
veryltng Eclipfcs of the Sun, as vahen 
Calar the Diftator roas killed , and at 
the Time of the Wat with Mark 


Anrhony; ti being palé for almofl a 
whole Tear together. And Pintare h, 
Of che Opinions of the Philofophers. 
Xenophanes vori tes ofanEclipfe of the 
Sun for a whole Month. 


difap'e 
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diíáppearing of a Spot feen ín the Sun’s Body one Day, 
an extraordinary Fíame hath been feen to fucceed it the 
next Day. 

18. It ís alfo reafonable to think, that fome of thefe 

Spots may be fo thick and denfe, as to require a very long 
Time to diífolve them intirely ; they may therefore rife 
up again to the Surface of the Fluid inwhich they were 
immerfed, and be immerfed in it again afterwards, be- 
fore they are wholly diffipated : So that we need not be 
furprifed whenwe fee fome o f the Spots u pon the Sun’s 
Body difappear and appear again, in lefs Time than we 
can can conceive them to be entirely diffipated, and new 
ones formed. . . # 

19. If the fixedStarsareliabletothe fame Alterations,. 
íince they are at vaftly greater Diftance from us than 
the Sun ; it is eafy to imagine that they may entirely 
ceafe to be feen, when under fome Circumítances, in 
which the Sun would appear only lels luminous. Whence 
it is not at all wonderful, thatwe fhou.ld now feeíbme 
fixed Stars in the Heavens, which theAntients couldnot 
fee ; and that they obferved fome in their Time, which we 
cannot find now : Ñor was there any Wonder in that 
famous Star which was firít feen about the io’ h of Novem- 
ber in the Year 1572. amongft the Stars in the Con- 
ftellation called Cajjiope'ut 1 which appeared all on a fud- 
den larger and brighter than any other fixed Star; but af- 
terwards grew lefs and weaker, till atlaílit wholly difap- 


i Which appeared all en a fitddcn, 
&c.] The Appearance of new Sears 
is much better accounted for from 
the Theory of Comees. For tho* 
fomg of the fixed Stars may be fo 
very remóte from us as not tobe feen 
by che Help of our beft GlaíTes, yet 
as they are fiery Bodies like the Sun, 
íf any new Matter or fewel be ad- 
ded to them, they may on a fudden 
blaze out fo as to be feen by the na- 
ked Eye, brighter than any other 
Star; and as this fewel is devoured, 
they may diminifh in their Brighc- 
nefs, and by Degrees return to their 
firft ¡nvifible State. And that Co- 
mees might probably fupply them 
with this Fewel, See Si r Ifaac Nevo- 
ion' s Princip. “Book III. pag. 481. 
d The Comet which appeared in 
c 1680 in its Perihelion, was not fo 

0 for diftant from the Sun, as the 

1 fixrh Part of the Sun’s Diamecer, 


and by reafon of its very greac Ve- 
locity in this nearnefs, and fome 
Deníicy that chere is in the Sun’s 
Atmofpere, ic muft meec with 
fome Refiftance, and be a little re- 
tardad and approach nearer the Sun ¿ 
and by approachingin this manner 
nearer and nearer ro the Sunevery 
Revolución, it muft aclaíl fall into 
the Body of the Sun. And in its 
Aphelion, where it movesíloweft, 
itmay fometimes be retarded by che 
Accraílion of other Comees, and ac 
fome cime or other fall into the 
Sun. And foche fixed Sears like- 
wife, which by Deg rees wafíe them - 
felves by fending forth Lighc and 
Vapours, may be fupplied by Co- 
mees falling into chem, and by the 
kindling of chis new Fewel in 
them, they may be taken for new 
Sears, 


E 4 peareá 
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18 .Hoto thefe 
Spots may 
appear all on 
a fudden. 


19. Hoto fome 
fixed Stars 
may dfappcar 
and nevo ones 
appear. 
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peared in March 15*74. without having at all changed its 
Situátion which it had at firft, with regard to the fixecj 
Stars which were round about it. 
jlo .Thatthe 20. From what has been hitherto faid, it follows, that 

fomUnot th e Sun ought to he placed in theCenter of thatirregu- 
PBt/ó/tól ar Space, which is poífeífedby his Vortex, amongftthe 
Ymtcx. many other Vortexes, which have fixed Stars in the i 
Centers of them. But if we confiderthat the Matter of ; 
the firft Element which flojvs out of one Vortex into 
another, may not be determined to go direétly to the j¡; 
Center of this other, we may conclude, that the Star in 
one Vortex ought to be in the Middlebetween the Center 
of the VorteS, ‘afid the Place which the Matter of the 
firíj Element, fent out of other Vortexes, tends to. 
a uTheCaufi 21. Thisbeingfo; all the cKleftial Matter which turns 
of tbe Sun-s about a Star, will be ftraightened and forced into a nar- 
4p<'ge.um, rowerChannelinfome Places thanin others, and by this 
Means, the Circles which are defcribed by diiferent Por- 
tions of this Matter, will be excentrick with refpe£t to 
the Star about which they moye; and this istheReafon , 
•yvhy the Earth does notalways move at equal Diftances 
from the Sun. Befides, as Chaff and Pieces of ’Wood, ' 
fwimming upon the Surfaceof Water that turns round, 
do not always defcribe the fame Circle, but defcribe 
Circles fometimes nearer and fometimes further off the 
Center of the Vortex, fo in like manner the Earth in 
turníng about the Sun, does not always neceífarily de- 
fcribe the fame Circle ; And henee it is, that the great- 
eíl Diífance betwixt the Earth and the Sun, or its Apo~ 
geum may alter in diiferent Ages, and be obferved fome- 
times in one Part of the Firmament and fometimes in 
anotbpr. 

íí.neRio- 22. 'Inorder to explain the wbole apparent Motionof 
fon why the theHeavens, there remains nothing but to find out the 
fZfhvoy! Caufe, why the Earth in its annual Motion about the 
faraiíei to it Sun is carried in fuch a manner, that its Axis always con- 
fi¡f. tinues parallel to its felf, or which is the fame thing, its 

poles always arediredted tovery nearlythe fame Points 
in the ñarry-Heaven. But this will not be very difficult to 
accounr for, if we coniider, that the diurna! Motion of 
the whoíe Mafs compofed of Earth, Water, and Air 
determines the fubtje Matter, -yvhich is in continual 
Agitation in the jnward Parts of the Earth, to retire from 
íts Axis, and go off in Planes parallel to the Equator ; 
?md that at the fame time there muft neceífarily enter 
jtito thofe Parts which are near the Poles, a like Quantity 
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of the fame fort of Matter flowing from the Parts near 
the Ecliptick of fome neighbouring Vortex: For it is 
eafy to conclude from henee, that when the Earth has 
once begun t¿ receive the Matter which comes from one 
particular Parí of the Heavens, it will continué to re- 
ceive it more conveniently, than it will do any other 
Matter |Jiat comes from other Parts ; becaufe its Pores 
are more fitted to receive it, and it can enter into them 
without Interruption : Wherefore thefe occult Pores 
which we conceive to be parallel to the Earth’s diurnal 
Motion, muft neceífarily be fo placed, 1 that the Mat- 
ter which enters into them, muft enter direélly in ; which 
íf it'does, the Poles of .the Earth muft always bedireñ- 
ed to the fame Parts of the Heaven, and confequently 
its Axis keep always parallel to itfelf. 

23. In 


i That the Matter which enters». 
8 cc.] Thac the Vorrexes of Maccer 
in which the Planees fwim, are 
mere Fi&ions and contrary to the 
Phsenomena of Nature; is evident 
from the following Arguments: 

FirJij The immenfe Space of the 
World is fo far from being full of 
Matter (which imaginary Plenum is 
the íole Foundation of the Fi&ion of 
Vorcexes) that on the contrary, that 
Space which is filPd with Matter, 
bears no Proportion at all, to that 
immenfe Space which is void of all 
Matter. See the Notes on Part I 
Chap. viii. Art. 2. 

Secondly , It is evident from the 
Motion of Comets'j which pafs very 
freely in the heavenly Spacesall Ways 
and from and to all Parts, (in Orb s 
which cut the Planees Orbsat all An- 
gles) that the Planets cannot be car- 
ried along by Vortexes of Matter. 

Thirdiy , « According to the Laws 
c of Aftronomy a Body which re- 
‘ volves in an Excentrick Orb , moves 
‘ flower in \z& Aphelion, and quicker 
c in its Perihelion j but according to 
f the Laws of Meehanicks, the 

* Matterofthe Vortex ought to move 

* fwifter wihere the Place is ítraiter 
‘ and more comprejfed , thac is, in the 

* Aphelion, than where the Place is 
‘ wider, and lefs comprejjed , that is in 
■ the Per ¡helio» , which two things 
c conrradift each other. Thus in the 
6 beginning of the Sign Virgo t where 

* the Aphelion of Mars riow is, the 

? Diflance betwixtthe Orbs of Mars I 
i |nd yenm ? is co the Xíiftance be- \ 


1 tweenthe fame Orbs in the begin- 
c ning of the Sign -Pifces in the Pro- 
porción of three co two very near- 
ly : And therefore the Maccer of 
the Vorcexcontained between thoíe 
two Orbs ought to movefwifcerin 
the Beginning of Pifces, than in 
the Beginning of Virgo jn theíáme 
Proporción of three to two; For 
che üraiter the Space is, chrough 
which the fame Quanticy of Mat- 
ter paíTes in the fame Timé ofone 
Revolution, with fo mu-ch the 
grearer Velocicyoughc it copáis. If 
therefore the Earth were carried 
along in chis Casleftial Matter, being 
relarivelyacreftwithir, andrevolv’d 
together with it about the Sun ; its 
Velocity in the Beginning o £ Pifces, 
would be to i ts Veloci ry in che Begin- 
ning of Virgo, in a fefquialcerate Ra- 
tio: Whence the apparenc diur- 
nal Motion of the Sun in thebegin- 
ning of Virgo , would be more 
than feventy Minutes, and in che 
Beginning of Pifces, lefs than forty 
eight Minutes. Whereas ( wefind 
by Experience) the apparenc Moti- 
on of the Sun.is greacer ín the Be- 
ginning of Pifces, rhanin the Begin- 
ning of Virgo , and therefore the 
Earth m .oves fwifter in the Begin- 
ning of Virgo than in the Begin- 
ning of Pifces. The Hypothefis 
therefore of Vorrexes direftly con- 
tradi&5 the Aftronomical Phasno- 
mena, and tends more co confound 
the Cácleftiál Motions than to ex- 
piain them. See Nerot. Principa 
2 look IJ. Schof 10, Prop. Lili. 

Fwrtk!j/i 
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23. In order to conclude my Opinión concerning the 
Nature of the Planets, in fewWords; we may add to 
whathas been alreadyfaid of their being ípherical Bodies, 

which 


Fotirthíy. * If three equal round 
c Veflels be filled, chjp one with Wa- 
e cer, the other with Oil, the third 
f with molcen Picch, and the Liquors 
‘ be ftirred about alike to give them 
e a vortical Motion 3 the Pitch by ics 
6 Tenacity willlofe.ics Motion quick- 

* lyj the Oil being lefs tenacious 
c will keep ic longer, and the Water 
c being lefs tenacious will keep it 
£ longeft, but yet will lofe ic in a 
c íhorc time. Whence ic is eaíy to 
‘ underftand, thac if many contiguous 
e Vórtices of molcen Pitch, wereeach 

* of them as large as thofe which 
e fome fuppofe to revolve abouc the 
c Sun and fixed Sears, yec thefeandall 
«• their Parts, would,by their Tenacity 
c and Sciflfnefs» communicace their 
c Motion to one another, till they all 
‘ refted amongthemfelves. Vórtices 
c of Oil or Water, or fome fluider 
‘ Matcer, mighc continué longer in 
c Motion^ buc unlefs the Matcer were 
‘ void of al] Tenacity and Atcrition 
c of Parts, and Com mu ni catión of 
e Motion (which is notto be fuppo- 
fed) the Motion would conftantly 
c decay, 3 Opticks, pag. 374. 

Ic is evidenc therefore that the 
Planees are not carried along in Vor- 
texes of Matcer, as in a River. Buc 
ic now appears from che mqfí ex- 
Obfervations of the Phsnomena 
of che cadeftial Mocions, that they 
aré fo placed in che moft free and 
open 5 paces,astorevolveabouccercain 
Centers by a Forcé compounded of 
Gravity and a PmjeéHle Motion in 
Jiraight Lines , which were impreffed 
upon them by God atthe Beginningj 
■vix. thelarger Planets abouc the Sun, 
and che Satellices or Moons abouc 
their own Planets 5 I /hall explain 
the Whole of chis in a few Words. 
.Becaufe all Matcer gravitares to- 
■wards all Matcer, inacertain Propor- 
ción to che Quantity and Di flanee 
(See the Notes on Chaf* 2.8. of this 
Part.) And becaufe the Body of the 
Sun is much larger chan all the Pla- 
nets 'puc together 3 ic is manifeft that 
if all the Planets were ac reft in 
their proper Places, they would by 
their own Gravity be carried dire&ly 
inte che Sun> 


Now becaufe the Cafe was thus, 
and all rhe Planets gravitated to- 
wards the Sun, God impreffed upon 
them a projeéH/e Motiot&Hn Jiraight 
Lines alfo; in fuch a manner as to 
be perpecually pulPd from thefe 
ftraighc Lines and kept from flying 
offfrom their Orbsby Gravitación , and 
at che fame Time to be perpecually 
urgeil on by thac projttt'ile Motion , leíl 
they fhould fall into the Sun by the 
Forcé of their Gravitación : So thatby 
thefe twoForces a&ing togecher, they 
muft neceífarily be carried in fome 
curved Line about the Sun 3 juft asa 
Stone curned about in a Siing, by 
being perpecually hindred by the 
Scring from flying off, all the while 
thac ic endeavours to recede from tKe 
Cencer by ics proje&ile Mocion, de- 
feribes a Circle. 

This will be plainer by iooking 
on the Scheme. Lee S be the Sun, 

A a Planee i and in 
the firft Momenc of Tab. XVIIh 
Time, lee A deferibe Fig. 1. 
by ics projeftile Mo- 
tion, the right Line AB 3 in the fecond 
Momenc of Time, if nothing hindred 
ic, ic would go on ílraight co c, and 
deferibe the Line Be equal to A B, 
Buc when it comes to B it is pulled 
by ics Gravity, and made to decline 
from the ftraigbt Line Be, ar.d to 
go in :he ftraigfrt Line BC. So 
likewife when ic comes co C, it is 
pulled by ics Gravity and made to 
decline from the ftraighc LineCd- and 
to go in che ftraighc Line C D. Now 
if che Numberof theTriangles A S B, 

B SC, CSD, be infinicely íncreafed, 
and their Breadth infinirelydiminiíh- 
ed, their laft Perimerer A B C D E F 
will be a curve Line; and fo rhe 
Graviry by which the Planee is pulled i 
from the Tangen c of che Orb, will 
cor.tinually, and the Planet will \ 
alfo be carried in chis «curve Line 
about the Sun. 

If che projeélile Velocity be fo ex- 
a&ly adjufted co the gravitating Forct 
as to balance each other in fuch a 
Manner thac the Planet íhall neither 
approach nearer to, ñor recede fur- 
ther from the Sun; in chis Café tlie 
Planet will deferibe an exaft Circle 
about 
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which (hiñe by the Light they receive from the Sun ; 
that their Superficies cannotbut be unequal like that of the 

Earth, 


about the Sun; that is, ifSbefuppo- 
fed che Cerner, and S B the Radiusof 
a Circle, B S C the Anglegenerated in 
a Momenc of Time, B c or B C the 
Tangent, Arch or Sine of chis An- 
gle, and Ce the verfed Sine of dou- 
ble this Angle; then if Be or BC 
reprefent the projettile Velocity, Ce 
will reprefent the gravicating Forcé : 
And becaufe (by the Propercy of the 
CBa 

Tab. XVIII. Circle) Ce = i : 

Fig. i. S B 

Therefore the gravi- 
tating Forcé neceflary to make Bo- 
dies revolve in concentrick Circles 
with an equable Motion, muft be 
as the Squares of their projeílile Ve- 
locities, applied to the Radius’s of 
the Circles; or ch e gravicating Forcea 
muft be in a duplícate Ratio of the 
projcClilc Velocities direflly, and a 
firnple Ratio of their Radius’s in- 
verfely. And if S B be given, thac 
is, if a Planet revolves in thefameor 
equal Circles with differencproje&ile 
Velocities, the gravicating Forces 
muft be as the Squares of thofeVelo- 
ci ties. 

Coral, i. And becaufe the perio- 
dical Times are in a Ratio com- 
pounded of che Ratio of their Ra- 
dius’s direflly, and theRacio of their 
Velocities inverfely, thefe being fub- 
fíituted for each other in the Ratio 
CE* 

— - ; the cencripetal Forces will be 
o J3 

in a Ratio compounded of the Ratio 
of the Radius’s direñly, and the Ra 
lio of the Squares of their periodical 
Times inverfely. 

Coral, a. And henee ir will alfo 
follow; that if the Periodical Times 
he in a felquialterate Racio of the 
Radins’s (thac is, the Squares of the 
periodical Times as che Cubes of che 
Radius’s) and for thac Reafun, the 
Velocities reciprocally ina fub-dupli- 
cate Racio of the Radius’s, the Cen- 
rripetal Forces will be reciprocally as 
che Squares of che Radius’s. See 
Niwt. Princip. Bus li I. Prop. iv. 
Cbt. 2 .. andé. 

It appears by Obfervation thar in 
the Revolutions of the Planees about 
the Sun, and the Satellites about the 
Planees, that the Squares of their pe- 
riodical Times are as che Cubes of 
tfieir Diflances ; thegraviracing Forcé 


therefore by which they are retai ned 
in theirOrbs, isevery where recipro- 
cally as che Square of their Diftan- 
ces. 

And rhe fame holds true, if they 
are moved in any Conick Seflion; 
becaufe there is fuch an Affinitybe- 
twixc a 'Circle and thefe Seílions; 
a Circle may be made ro país into 
an EUipfis, and anEllipfis into a Pa- 
rabola, and a Parábola into anHyper- 
bola ; and as by the Propercy of the 
BC 2, 

Circle ■ is equal Tab XVIII. 

Cc Fig. i. 

to the Diamerer, ío 
in all the other Se&ions the fame 
Qiiantity is equal to theL¿í«j Retinta: 
Wherefore if the proje&ile Velocity 
with which the Body departs from 
B be fuch, that in rhe fame Momenc 
of Time that i t deferibes theLine Be* 
the centripetal Forcé caufes it to 
move through the Space Cc, the Bo- 
dy will move in fome of the Conick 
Seótions whofeL<?¿«¿ Retiwnv/'áibe 
, * BC 2 - . , 

equal to — — ■ : And they will be 

of diíFerent Species according tothe 
diíFerent proje£lile Velocities, and 
the diíFerent dire£Uons of them. See 
Princip. 3ool¿ I. Prop. xiii. Co- 
ro/. z. 

Henee it follows ; that becaufe the* 
Motion of a Planee is retarded as 
it recedes from the Sun, and accele- 
raced as it approaches towards the 
Sun, the Planet alvvays deferibes 
equal Areas in equal Times . That is 
ifrhePlanet by moving from R to F 
in the Space of an 
Hour, deferibes the Tab. XVIII. 
Triangle RAF by Fig.z. 

Rays drawn to the 
Sun} the fame Planet in the fáme 
Space of Time, will move in fuch a 
manner from F to L, or from L to 
O, orfrom O toM, or from N to P, 
that the Triangles F AL, LA O, 
O A M, N AP, willbe equal coeach 
other, and to the Triangle RAF. 

This noble Propofition may alfo be 
demonflrated in the following Man- 
ner. Let Cc be drawn parallel to the 
Line S B j then becaufe 
the Lines Cc and 3B Tab.XVIIL 
are paralle4; the Tri- Fig. i. 
angle S C B will be e- 
qual co the Triangle ScB, and alfo 
equal 
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Earth, becaufe every Part of them is viíible, viewed 
every Way. I know that my Opinión in this Matter, 
is widely different from that of a great many Philofophers, 
who think that they oiight to afcribe all poffible Perfec- 
tions to every Thing that is contained in the Heavens; 1 
and becaufe they believe that an exaít fpherical Figure is I 
in itsfelf a real Perfe&ion, they thereforeaffirm, that the 
Planets are perfe&ly round. But I freely depart from an 
Opinión which has no Foundation to fupport it, and from 
which it would follow, that the Planets would be viiible 1 
only in avery ünallPart of their Superficies: Forupon 
this Snppolition, all the other Parts of them would necef- 
farily refledh the Light another Way, fothat it couldnot 
come at the Eye. Belides, this pretended Smoothuefs 
of the Superficies ofthe Planets doesnotagreewith Exper 
rience. Thus, for Inítance, we can fee with a T elefcope 
towards theEdge of the Light which falls upon the Body 1 
oftheMoon, certaindarkorobfcurelnequalities, which 
looklike Shadows made in the Valleys by Mountains, 
and which lelTen, and at laíl quite difappear, according 
as the Sun (hiñes more or Iefs direñly upon thofe Places: ( 
And thefe different dark or obfcure Places^ (lome of ¡ 
which certainly proceed from, henee, that there are fome 
Parts of the Moon which do not refleél fo much Light 
as others) have given Occafion to a great many People, 
when they look upon the Moon, to imagine that they 
fee Eyes, a Nofe , and Mouth , círV. But we fee no- 
thing like them when we look. through a Telefcope. 


equal to the Triangle, S B A : That 
is, becaufe A B, BC and C D are 
Lines moved through in equal Times 
(by the HypothefisJ theequalTrian- 
gles A S¡B> BSC> &c. will be equal 
Areas deferibed in equal Times. See 
Newt. Priacip.-3ookl. Stft.W.Prop. i. 

This is the Nature of the Motion 
of all the Planets, as well the pri- 
mary Planers abnut che Sun, as the 
Moons or Satellites about their own 
Planets i excepc only that they are 
moved in Eíli.pfes not much diffe- 
rent from Circies. 

But the próje&ile Motion maybe 
fo very [quick, that the F.llipíis in 
which the Planee is carried may be- 
come ofa very great Length and very 
excentrickj íuch as 
Tab. XVIII. ís here deferibed. 
Fig. 3 . And a Planee mov- 

¡ng in fu 4 ch an Orb 
ís cali ed a Ccrnt. 


Nay, the proje&ile Motion may 
poffibly be fo much quicker ftill, 
that the Planee may be carried in a 
Parábola, foasnever to retúrnagain; 
But we do not know of any fuch 
Motion in Nature. 

Upon thefe Principies- the illuflri* 
ous SiT IfaacNuwtoni in his wonder- 
ful Book of the Mathematical Prin- 
cipies nf Ph't.'ofophy , has explained the 
true Syflem of the World, andíhewn 
the true and adequate Caufes of all 
the Cíeleftial Morions almoft beyond 
the Genius of a Man. 

And in this, the Ságacity of l{tp- 
Ur is very wonderful, who though he 
could not demonífrace the Caules of 
the cadeíl-al Motions; yet he hit ofF 
the. true Principies by a íurprifingly 
happy Conjeture. Sse J(epler’s In- 
troduttion to the Book Of the Motion 
of Mars, 
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24. All thefe things being fo ; we cannot but think 2 4> That 
that 1 thc Planets are very like our Earth ; which would 
not appear otherwife to a Man that fliould look at <w Earth,' 


1 The Planets are very libe our 
Éarth, &c.] Amorigft rhe Ancients, 
‘ Heraclidei and the Pyihagoreans (ac- 

* cording coche Teflimony of Pin- 
1 tarch, Book II. Chap. 13. concern- 

* ing rhe Opinions of the Philofo- 
1 phersj thought rhac every Star was 

* a World» having Aicher and Air 

* furroLinding their Earrh, buc efpe- 
‘ cially the Moon, which has in it 
‘ a greac many Mountains, Citiesand 
‘ Houfes.* Almoft all the reíl of 
rhem, thought thac all the Starswere 
of a fiery Nature. Buc ic appears 
now, thac the Planets are all of chem 
opake cerreílrial Bodies, buc Tome of 
them more denfe chan the Earth, 
for the Denfity of the Planees are 
reciprocally as their Difiances from 
the Sun, mulciplied by the Roocs of 
their apparenc Diamerers feen from 
the Sun. Satnrn therefore is much 
rarer than the Earth, and Mercttry 
much denfer; and the Denfity of thc 
Moon to that of the Earth, ¡s very 
nearly as 700, to 387. Nervt. Prin- ' 
cip. 3 )ok III. Prop. 8. Cor. y. and 
Prop. 37. Cor. 3 . The ’Body of the Moon 
therefore is denfer and more terrejirial 
than our Earth. I wonder this íhould 
efeape the learned Mr. Le Clero , who 
concludes the contrary from the farae 
Principies. The Moon is not only iefs 
than the Earth, abont which it moves , 
but confijls afo of Matter lefs denfe, 
from the Principie fo cften mentioned 
already , that the mojí denfe Things 
are the heaviefl , that is, get the nearefi 
of all to the Center,about vohich they . 
move. Natural Philof.BookI. Chap. 8. 
Se£t. 22.. 

But Gali/aus fpeaks very well of 
the Similicude which there is be- 
tween the Planets and che Earth, in 
his Syftem of the World, Dial. 1. 

* Whether, fays he, there be any 
‘ Herbs, Planes or Animáis like ours 

* growing in the Moon or any other 
e Planee, or whether there be any 

* Rain or Wind, or Lighcning pro- 
‘ duced there, as there is upon the 
‘ Earth, I neitherknow ñor believej 
\ much lefs thac- there areMendwel- 


ling there. But however I don’c 
fee how it neceíFarily follows* thac 
ffecaufe there grows nothing th.ere 
like any of the Things here; there- 
fore there can be no Alteración 
made there at all, ñor no other 
Things altered, generared, anddif- 
folved, whichare noc only diíFerenc 
from ours, buc fuch as we cannoc 
have che leaft Notion of at all, ñor 
fo much as think about. For as I 
don’c doubc buc thac if a Perfon 
were born andbroughrup ina large 
Wood, amongft wild Beafts and 
Birds, and had never known any 
ching of che Eíemenr of Water, 
ic would never have encered i neo 
his Imaginación to think, thac there 
was in Nature a World diíFerenc 
from the Land, full of Animáis 
which could move very fwiftly 
withoutLegs orWings,and thatnoc 
upon the Superficies only, as Beafis 
do upon the Ground, buc at the very 
Botcom of all, and not onlyfo, buc 
they can fland Bill in any Place, 
which is more than Birds can do 
in theAir. Nay funher, chacMen 
dwell there and build Palaces and 
Cicles j and thac they have fo quick 
a Method of Travelling, that they 
can withouc any Painsremove their 
whole Families, Houfes and the very 
Cicies themfelves into the moft di- 
ítanc Countriesj as I fay ic is very 
certain, thac fuch a Perfon, though 
he had never fo quick an Imagina- 
ción, would never think of Fijhes , 
of che Ocean, of Ships, and Fleetsi 
fo it may equally, nay much more 
probably be, thac in the Moon, 
which is atfo greac aDifiancefrom 
us, and the Matter of which may 
perhaps be fo very different frora 
that of our Earth, there may exift 
íome Beings, who may aft in a 
Manner which we can have no 
Notion of, and intirely diíFerenc 
from us, as having no Refemblance 
at all to us , and therefore fuch 
as can in no wife enter into our 
Thoughcs.’ Sed? alfo Hugenius’s 
Planetary Worlds, 'Book I. 


it 
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ít from the Moon 1 than theMoon does to aManwho ; 
beholds it from the Earth. Notthat Iwould ventureto I 


2: Than the Moon does to a Man y 
&c.] Befides the Similitude that 
there is becwixc the Planees and our 
Earth, with refpe& to the Bodies of 
them, and the Things contained in 
them ; there isalfoanother Similitude 
between them with regard to excer- 
nal Things, viz. the Phamomena of 
the CiEleílial Motions, and the mutual 
Afpe&s of thePlanets obferved from 
thence. Which Subjeft Hugenins in 
bis P/anetary Worlds , “Book II. having 
treated very pleafanrly and veryaftro- 
nomically, we will here pick a few 
Things out of hinv and willfuppofe, 
that there are fome rational Crea- 
tures in every one of the Planets, 
capable of obferving theMotions and 
Phamomena of the Heavens from 
thence. 

c To begin then, fays he, with the 
4 innermoft and neareftehe Sun i we 
4 know that Mercury is three Times 
c nearer that vaft Body of Light 

* than we are; thence it follows, 
e that they fee hinv three times big- 
4 ge r and feel him nine times hotter 
4 than we do. Such a Degree of 
4 Heat would be intolerable to us, 

4 and fet on fire all our dried Herbs, 

4 our Hay and Straw that we ufe. 

4 And yec there is no doubt but that 
4 the Animáis there, are made of 
4 fuch a Temper, as to be but mo- 
4 derately warm, and the Planees fuch 
4 as to be able to endure the Heat. 

1 The Inhabitants of Mercury , > cis 
4 likely, havethe famé Opinión of us 

* that we ha ve of Satstrn, that we 

* muft be intolérably coid, and have 
4 littleor no Light, we arelo far from 

4 the Sun.— ——The Aftronomy of 
1 chofe that live in Mercnry , and the 

* Appearance of thePlanets to them, 

5 oppofite accertain Times to the Sun, 

4 may be eaíily conceived by the 

5 Scheme of the Copernican Syftem. 

* At the Times of thefeOppoíitions, 
4 Venus and the Earth muft needs 
4 appear vary bright and large to 
4 them. For if Venus íhines fo glo- 
4 rioufly to us vfhen fhe is but like 
4 the Moon a little after it is new; 

* fhe muft necefiarily in Oppofition - 

* to the Sun, when jQie is fuU, be at 
• 4 leaft fixor feven times larger, anda 


affirm, i 

great deal nearer to the Inhabitants 
of Mercury , and afford them Light | 
fo ftrongand bright, that they have 
no Reafon to complain of cheir 
wantof a Moon. WhattheLength 
of their Days are, or whether they 
have different Seafons in the Year, 
is not yet difeovered,— — but his 
Year is fqprce the fourth Part fo 
long as ours. 

1 The Inhabitants of Venus have 
much the fame Face of things as 
thofe in Mercury , only they never 
fee him in Oppoficion to the Sun, 
which is occafioned, by his never 
removing above thirty eight De- 
grees or thereabouts from it. The 'í 
Sun appears to them larger by half jj 
in hisDiameter, and above twice as j 
big a Face, astous, and by Confe- 
quence afford s them but tWice as . 
much Light and Heat, fo that they 
are nearer our Temperáture than 
Mercury. Their Year is completed 
in feven of our Months and a 
half. In the Night, our Earth, 
when it is on the otherSide of the 
Sun from Vcnust muft needs feem 
larger and brighter to Venus than 
íhe ever does to us. 
c But Mars has fome Parts of him 
darker than other fome. By the 
conftant Recurns of which, his 
Nights and Days have been found ¡ 
to be of about che fame Lengch 
with ours. But the Inhabitants have 
no perceivable Difference between 
Summer and Winter, the Axis of 
that Planee having very little or no 
Inclination tohisOrbit, as has been 
difeovered by che Motion of his 
Spots. Our Earth muft appear to 
chem almoft as Venus does to us, 
and by the help of a Telefcope will 
be found to have its Wane, Increafe 
and Full, like the Moon- — His 
Light and Heat is twice, andfome- 
times three times lefs than ours, 
to which I fuppofe theConfticution 
of the Inhabitants is anfwerable. 
e In Júpiter the Length of their 
Days are equal only to ten of our 
Hours; buc their Years are equal to 
twelve of ours, and they enjoy a 
perpetual Equinox there. The Sun 
appears co them who are upon it 
* five 
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affirm, that there are living Creatures in the Moon, or 
íhat they generare in the fame manner asupon the Earth, 
.becaufe though this be a ttiing poflible, yet it is alio 
'poffible that it may not be fo. For in things which 
cannot be certainly determined by Reafon, I think it very 
raíh to períiñ in an Opinión contrary to the common 
Notions. 


five times lefs in Diamecer, than it 
does co us, and confequencly they 
liave buc che twency-fifth Pare of 
the Lighcand Heac thacwe receive 
from ic. Buc that Light is non fo 
wealc as we may imagine, as is 
plain by che Brighcnefs of chac Pla- 
nee in che Night,- and alfo from 
henee, chac when che Sun is fo far 
eclipfedro us, aschaconly a twency- 
fifth Pare of his Disk remains un- 
covered, he is non fenfibly darkened. 
Buc if you have a mind exa&ly co 
know che Qiianrity of Lighc chac 
Júpiter enjoys, you may takea Tube 
of whac Length you pleafe, lee 
one End of ic be clofed wich a 
Place of Brafs or any fuch Thing, 
in che Middle of which chere mufi 
beaHole, whofeBreaach mufthave 
the fame Proporción co the Length 
of the Tube, as a Chord of fix Mi- 
nutes bears co che Radius ; that is, 
about as one is to five hundred and 
feventyj Lee the Tube be turned 
foto the Sun, thatnoLighc mayfall 
upon a white Paper placed ac the 
End of it, but what comes through 
thelitde whole ac the other End of 
the Tube. The Rays thac come 
through this will réprefenc che Sun 
upon che Paper, of the fame Brighc- 
nefs chac che Inhabitants of Júpiter 
fee it in a clear Day. And if you 
remove the Paper ancípuc your Eye 
in che fame Place, you will fee che 
Sun of the fame Magñicude and 
Brighcnefs as you would wefe you 
in Júpiter. If you make the Hole 
twice as lítele in Diamecer, chere 
will fall upon che Paper and upon 
che Eye, che fame lA^hzzsthe Inha- 
bitants of Satnrn have. And al- 
chough chis Lighc be buc a hun- 
dredeh Pare of outs, yec you fee 
ic makes Saturn íhine tolérably 
brighc in a darle Night,’ Furcher, 


they in Satnrn can fee but oneof the 
other Planees, and chat is Júpiter 5 
fo likewife they in Júpiter can fee 
only Satnrn , for che reíl afe eco 
near the Sun to be feen. The fixed 
Sears, by Reafon of their immenfe Dí- 
ftance, may be feen from JSaturn and 
Júpiter-, in che very fame manner and 
in che fame Figures, and diftinguiíh’d 
with the fame inequalicyof Lighc, as 
we fee them. Ic is not co be doubt- 
ed buc thac Saturn by his five Moons, 
and Júpiter by hisfour, have a greac 
Advan^ge above- us wich our one 
Moon.*But che moft furprifing Pha> 
nomena, muft neceíTarily be pro- 
duced by thac Ring which we men- 
tioned furrounding him. There is 
alfo a very greac Dlfference becwixc 
Summer and Winter in Saturn , be- 
caufeof che great Inclinación of his 
Axis co the Plañe of his Orb, which 
is chirry one Degrees, wheréás ours 
is buc twenty-three Degrees and a 
half. A Year in Saturn is equal to 
thirty of our Yearsj buc what che 
Length of che Day is, isnocyetfound 
our. 

Laftly, the Moon is divided inco 
two Hemifpheres in fuch a manner, 
chac they who inhabit one of chem, 
have alwavsa Sight of our Earth, and 
they who inhabit the ocher neverfee 
ic at all. They alfo fee our Earth, 
much larger than the Moon appears 
co us (and which is very wonderful) 
hangingalwaysac the fame Height a- 
boveche Horizon as if ic never mo- 
ved, and curning abouc íes Axis in 
cwenty-four Hours, and i es Light In- 
creafing, Full, and Decreafing every 
Monch. The Moon alfo recéives 
from us fifeeen times as much Lighc as 
we do from ic: The Sun alfo rifes 
andfecs oncein every Monch of ours, 
which makes the Days and Nighcs 
very long. 
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C H A P. XXVÍ. 

. Of CO METS. 

i. m>y v>e ttt HEÑI gave an Account of the Obfervations óf' 
trcatofCo- the feveral cteleftial Bodies ; I íhould have mention- 

píace." ‘ “ ed thofe made fromTime to Time about Comets ; but I 
purpofely forbore this, becaufe I know that they are 
not, in the common Opinión of Philofophers, reckoned 
amongfl the heavenly Bodies ; and becaufe I was un- 
willing to increafe the Difficulty of the SubjeCt I was 
handling, by adding a Thing which requires much At- 
tention, and which ¡s but little underftood hitherto, 
But now, feeing Men have always had a gfeat Curioiity 
to underftand the Nature of Comets, I think I ought 
not fo far to lay afíde this Matter, as not to fay at leaft 
what is moft certaiiíly known about it; leaving it to 
themwho (hall come after, to philofophiíe in a different 
Manner, if any new Obfervations that fhall at any time 
be made, oblige them to alter our Hypotheíis, or to 
mend our Opinión. 

a. mat toe 2. We mean by Comets , certain luminous Bodies, 
mean by a w hich fometimes appear amongfl: the Stars, and feem of 
Come. different Magnitudes, fometimes about the Bignefs of 
Mars , Júpiter, and Satura. Their Light is very weak 
and faint, fo that when the Sky is moft clear, they ap- 
pear no brighter, than Mars , Júpiter, and Satura do, 
when it is a little Foggy. 

3. of the 3 . The Body of a Comet is ufualfy attended with 
Rays mhkh certa ; n R a y S of Light, which are weaker, the more di- 
f,lZ ‘the 3”- flant they grow, and which always diffufe themfelves 
4eicfComets. according to a certain Rule, which is well worth ob- 
ferving, piz. If the Comet be very nearly in Oppoíition 
to the Sun, thefe Rays diffufe, themfelves equally ali 
round it, and look as if it were furrounded wíth Hair ; 
whereas if it be in any other Póíition with refpedt to 
the Sun, they always extend themfelves to that Part of 
the Heavens which is oppofite to the Sun : Thus if the 
Sun beEaft of the Comet, it will dart itsRays towards 
theWéft; if the Sun beWeil ofit, it will dart its Rays 
towards the Eafl: ;■ and when all its Rays are fent forth 
in this manner towards one Side, they will appear of a 
great Length, fo as fometimes to take up aimofl: 3 
twelfth Part of the whole Compafs of the Heavens. 

4 4. Thers 
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4. There is no certain Rule fordeterminíngthe Times 4-. o/, fie 
when any Comets will appear; there are fometimes a T ; m 'J "f. 
great many Years withoutany appearmg, fometimes more <,¡>piar¡«g. 
than one appear in lefs than two Months. 

y. Neither can the Part of the Heavens where they 7. 0/ the 
begin firíl to appear, be determined ; fometimes they pla " 
are firñ feen near the Ecliptick, and at other Times near th ' 3 a ^ ear ' 
íhe Poles of the World. 

6. Ñor can we certainly tell how long they will 6 . 0 f the¡r 
continué to be feen; for fome ha7e appeared only for 

a few Days, whereas dthers have been leen for feveral 
Months. 

7. One principal Circufnílance tobe obferved is, thát 7. tiovthq 
a little before a Comet ceafes (.ntirely to be feen, we ua í e u be f ceri - 
fee its apparent Magnitudediminiíh gradnally every Day, 

and alfo its Light grows weaker and weaker. 

8. They all feem to turn about the Earth every Day g. of the 
from Eaít to Weft, and to defcribe Circles paraliel to M«vm of 
the Equator very nearly. But befides th is apparent Mo- Cümei “ 
tion, which is common to all the Stars ; they have a 
Motion in the Heavens, which is peculiar to them, and 

vvhich has no certain Rule by which it can be deter^ 
mined; for fometimes they move towards the Eaíl, 
fometimes towards the Weft, and fometimes towards 
any other Part. 

9. TheVelocity of this Motion, which is peculiar to 9. of theb 
them, is not the lame in all Comets, but very different P r ‘t cr Mon<m. 
and unequal ; for fome run through more Degrees in a 

great Circle than others do : Likewife the Velocity of 
the Motion of the fame Comet is not the fame every 
Day ; for the Arches which it defcribes every Day, are 
fometimes bigger and fometimes lefs ; howéver, they 
are in fuch aManner, that if a great many írraight Lines 
be drawn from the Center of the Earth to the feveral 
Places where the Comet appears every Day at the fame 
Hour, they will divide the Tangeut which belongs to 
the Place of the Comet’s'Orb where it moved fwifteft, 
into very nearly equal Parts. 

10. Neither is the Courfe which they take always the «á. of the 
fame ; fome of them run through a much greater Part C c °’"{‘ cs °f tht 
of the Heavens than others do ; but however different 

a Compafs in the Heavens they have gone through, 
there have been none, or at leal! very few, that have 
been obferved to defcribe more than half a great Cir- 
cle, that is, to have pafíed through more than half the 
Heavens. 

V o l. II, E 
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ii .ofthi xi. When a Comet darts its Rays the fame Way 

that it is carried in the Heavens by its own proper Mo- 
Tcmcu. 1 tion, thefe Rays are called its Beard. On the con- 
trary, when they extend themfelves to that Part of the 
Heavens which is contrary lo the DireQion of its pro- 
per Motion, they are called its Tail; and when they 
díffufe themfelves equally all round it, they are called 
its Hair. Thus the Comet which appeared lately, about 
the Beginning of the Month of December in the Year 
1664, in the Southern Part of the World, and on the 
Eaft of which the Sun then was; becaufe it darted its 
Rays towards the Weft, the fame Way that it tended 
by its own proper Motion, was faid to be bearded ; 
afterwards when ¡t carne to be in Oppofítion to the 
■ Sun, it appeared hair y ; and at laft the Sun getting 
Weft of it, the Rays which extended themfelves to- 
wards the Éaft, feemed like a Tail. And that Comet 
which appeared a little after, in the Northern Part of 
the World, on the Eaft of which the Sun then was ; 
becaufe it went towards the Eaft by its own proper 
Motion; the Rays which darted towards the Weft com- 
pofed the Tail firft, which it continued to be feen with 
for feveral Days, and then approached nearer the Sun, 
which deprived us of the Sight of it, and it has not ap- 
peared lince. 

1 ». Anim- 12. In order to explain the Nature of Comets, fome 
óf the Philofophers which lived befor zAriftotle, taught, 
Ihe A’ióenii that the Heavens contained not ouiy thofe vi'íible Stars, 
emcrmmg the which Aftronomers have at all Times endeavoured to 
fiod out t ^ e Motions of; but that they alfo contained 
an innumerable Company of others, which are fo fmall 
by Reafon of their great Diftance from the Earth, that 
they cannot be feen : They added further, that thefe 
fmall Stars had a proper Motion of their own accord- 
ingto allSorts of Direélions imaginable; and that their 
Periods were finiíhed in very unequal Times. As a 
Confequence of this, they affirmed, that a Comet was 
nothing elfe but a Heap of thefe fmall Stars got toge- 
ther ; that their Meeting thus in a particular Place in 
the Heavens, was owing to iheir unequal Motion ; that 
this Meeting together made them viíible ; and that they 
ceafed to be feen, when they were all feparated from 
each other, by continuing to move on with their par- 
ticular Direétions. But this is not at all likely, and 
has more of Subtlety than Probability in it; not be- 
caufe there are not a fufficient Nu.mber of fmall Stars 
4 for 
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for this Purpofe (for there are more to be Peen through 
a Telefcope, than would compofe fuch a Comet ; ) 
but becaufe we cannot conceive how it is poffible for 
them to meet together in fuch a mauner in one Body, 
in.alí thofe Places where Gomets appear; and chiefly 
becaufe we can much lefs apprehend the Dependence 
of the Motion of thefe Stars upon the Pofitipn of the 
Sun, fo that according to the various Situatíon thereof, 
thefe Stars fhou Id reprefent fometimes Hair, at other 
Times compofe the Beard , or ' 7 «/V, of a Comet. 

13. This Opinión was rejeéted by Anftotle, who af- 13. The 
firmed, that Comets were certain Fires caufed by Ex- °f 
.halations raifed out of the Earth, and kindled in the 

upper Regions of the Air ; and he believed that they 
were a great. deal lower than theMoon. But this Opi- 
nión has no more Probability in it, than the foregoing 
one; for befides that it is very unlikely that the Earth 
íhould furniíh a fufficient Quantity of Vapours to feed 
fo great a Fire all that Time which a Comet fometimes 
appears; it would folio w if this were fo, that the Light 
of this Fire is independent of the Sun, and confequent- 
ly that a Comet might dart its Rays in fuch a manner 
as not at all to depend upon the Situatíon it has with 
refpeñ to the Sun. But that which entirely overthrows 
this Opinión of Ariftotle is, that Aftronomers who 
lived about two hundred Years ago, and were defirous 
to find out the Diílance of the Comets, which appear- 
ed in their Time, frotn the Earth, could not obferve 
that they had any feníible Parallax at all ; which could 
not be, if Comets were nearer us than the Moon, for 
the Moon has a feníible Parallax. 

14. We may obferve, that thefe Aitronomers who I4 , There 
could not find any Parallax in the Comets, ( which » no Re a fon 
íbews that they are at vaft Diltance) contented them- 

felves with only (hewing, that Ariftotle' s Opinión was 
falle, who placed them in the Air : And it was íuí 5 - the Orb «/ 
cient for this Purpofe, to make it appear that they Sa[t t fn - 
were higher than the Moon. But by their Obferva- 
tions and Calculations, we may colleét that they are 
further diftant from the Earth than Satura ; where- 
fore if there can be any other Arguments brought to 
convince us that they are beyond this Planet, we ought 
npc to make any Diíficulty in placing them beyond 
k^tl. ^ if, A new 

if. And this is indeed done by a late eminent Philo- Cmjcanre 
fopher, who is the firít that has explaíned the Nature 

f 2 - Of ofCvmctí. 
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of tbe heavenly Bodies, in tbat excellent Book whích 
he has wrote concerníng the Principies of Philofophy : 
For he being afíured tbat there are a great Number of 
fixed Stars, bebdes thofe that can be difcovered by us ; 
and thinking that fome of thefe migbt quit the Place 
of the Heavens they were in (as well as fome of them 
which were feen by the Ancients, but cannot be feen 
now, have probably quitted theirs ; ) he conjetures, 
that what we cali a Comet, is nothing elfe but one 
of thofe Stars, which, being by Degrees covered with 
Spots all over, fo as entirely to lofe its Light, could 
no longer keep its Place amongft the other Stars, but 
was carried away by one of their Vortexes, which im- 
preífed a Motion upon it proportionable to its Bigneís, 
and Solidity, by which means it may come very near 
the Heaven of Sautrn , where the Light which it receives 
from the Sun may malte ir vifible. 
iS. That the 16. As to the Rays which feem to compofe the 
Canfeéf the Beard , Tail, or Hair of a Comet; we ought not to 
’fftle Beard, that they are caufed by any particular matter 

Tail. »r Hair which attends the Body of the Comet; becaufe we 
t f a Cmet,is cannot fee how the Pofition of this matter and the 
KhereitfieZ’s Pofition of the Sun can be in fuch a manner adjufted 
to u¡ to be, to each other ; and becaufe of the prodigious Diíhnce 
which this matter muít extend itfelf to, (the Tail of 
a Comet taking up fometimes a twelfth Part of the 
whole Compats of the Heavens;) both which malte 
it very difficult to comprehend how fuch matter fhould 
. always accompany the Body of a Comet. 

17. That the 17. Neitherare we to think, that the Appearance of 
Canje is>t of thefe Rays dependsupon a Caufelike that which makes 
canje í’iily's ¡o us fee Rays of Light about a Candle w'hen we look 
be fee„ atout upon it winking our Eyes ; for thefe ceafe entirely to 

appear, if we place an opake Body between our Eye 
and the Candle fo as wholly to cover the Fíame of 
it; whereas, if the Body of the Comet be wholly co- 
vered, we (hall yet fee the Beard, Tail , or Hair. 

18. That the 18. But our Opinión of this Phanomenon is, that it 
Benrd, rail ¡s caufed by the Rays of Light refleded from the Body 
"cetfr ™°¡, 0 ^ the Comet, which being refraded in the interme- 
ty RrfrafLn. diate Space, are fo received by the Eye, as if they carne 

from thofe Places in the Heavens, where we fee the 

19. That this Hair , Beard , or Tail of the Comet. 

1 9 - I could eaíily (hew that this Conjednre agrees 
w¡th aii the perfedly well with all the Phsenomena of Comets ; 
pummena both re g ai;c ¡ jq Inequality of their Appearances, 

Motions, 


ss 
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Motions, Dnration and apparent Magnitudes ; and with 
regard to the Diveríity of Rays with which they are 
attended: But becaufe all thefe Things are admirably 
well bandled in the fore-mentioned B.ook ; and becaufe 
fiach an Undertaking would carry me too far out of 
my Way, Iíhall faynomore; ñor will I examine now. 
whether it be true, that the Appearance of a Comet pre- 
fages anyCalamity ; for the Solution of this Difficulty, 
if it be one, may be deduced from what I fhall fay in 
the following Chapter conceming the Influentes of the 
Stars 


i Becaufe Comets^are but feldom 
feen, and their Nacure, Motion, Di- 
flance, Tails, &c. have becn but of 
lace Years accuracely obferved ; I w'ill 
here give you che principal Phamo 
mena, by which all Hypothefes oughc 
to be cryed and examined. 

Firji chen , tbe Comees which 
moveforward according co cheOrfler 
of the S gns, are all of chem a lítele 
flower than ufuah or retrograde, be- 
fore rhey difappear, if che Earrh be 
betwixt chem and che Sun; or elfe 
th j y are quicker than ordinary, if che 
Earch be on the oppofite Side: And 
on the other Hand ; thofe which go 
conrrary to the Order of the Signs, 
are quicker than ufual, if the Earth 
be beiwixc chem and the Sun; or 
flower than ufual, or elfe retrograde, 
if che Earth is on the oppoíice Side. 

2. So long as they move very quick, 
they go almoft in gre3t Ci relés, but 
at the End of their Courfe they de- 
viace from thefe Circles, and when- 
ever che Earch moves one Way, they 
go che comrary. 

3. They move in Ellipfés, whnfe 
Focus’saiein the Cerner of the Sun, 
and if Rays be drawn from them to 
the Sun, they delcribe Areas propor- 
tionable to the Times. 

4. The Light of their Head in- 
creares as they gofrom che Earrh ro- 
wards che Sun, and decr.eafes as they 
come from the Sun towards che 
Earth. 

5. Their Tails appear largefl and 
brighccft immediateJy afeer they have 
paíTed by the Sun. 

6. Their Tails are not dire&Iy 
oppoíice to the Sun-, but ahvays de- 
cline towards thofe Pares where their 
Heads were before as they moved 
along in their Orbs. 

7. And chis Deviaúon is, exteris 


pariíns, lefs when their Heads a p- 
proach near the Sun, and lefs to- 
wards the Head of the Comee, than 
towards the Extremity of theTail. 

8. The Tails are fomewhatbrighc- 
er, and cerminared more diflinfíly 
on the convex than on the concave 
Side. 

5?. The Tails always appearbroad- 
er towards the furrherEnd of them, 
than rhey do towards the Head of the 
Comee. 

10. The Tails are tranfparent, and 
the fmalleft Stars may be feen thro* 
them. 

Thefe are the Principal Phamome- 
na of Comees ,• and ic is eafy to fee 
how lirtle they agree with che weale 
Conjetures of che Andente and the 
not veiy lucky Ones of che greateíl 
part of the modern Philofophers; 
not to take Noticeof thefe therefore, 
1 íhall briefly explain what feemsro 
come nearefl co the Truth. Ther$ 
were fome amongft che Andenes (as 
Pliny tells us, "Boolf U. Chap. 2J.) 
c who choughc chat thefe Scarswere 

* perpetual and carne round in their 
c Orbira, butcould not be feen unlefs 
c they were wi chin reachof the Sun/ 
But Scneca is clearer, ‘ I cannor, 

* fay s he, ( Nat . Qtiseft, Book 7.'i3gree 

c co the common Opinión i for I 
c done think that a Comee is a fud- 
4 den Fire, but one of the lafting 
‘ Works ofNature,-- And why fhould 
c we wonder that Comets, which 
‘ are Sighcs fo feldom to be feen in 
4 che World, íhould move by La vs 
4 as yet co us uncercain, and their 
4 beginnings and endings be hitherto 
c unknown, when cheirRecurns are 
4 at fuch greac Diflances ? — The 
4 Time will come, when the Dili- 
4 gence of íuture Ages v/ill bring to 
4 Light what now lies hid. — The 
F 3 Time 
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r Time will come when Pofterity 
c will wonder chac we were ignoranc 
e of fuch plain Things. — Sonríe 

* body will demonftrate ac one Time 
‘ or other, che Ways in which che 
€ Comees wander, and ftiew why 

* chey move fo differencly from the 
‘ reft, and whac forc of Things and 
4 howbig chey are.’ 

This, che farhous Sir Ifaac Newton 
has done in our Days, whole Opini- 
.<on is, in íhorc this : Comees are fo- 
lid. compaél, fixed 
Tab. XVIII. and lafting Bodies 
Fig. 3. in a Word, a forc of 

Planees which move 
with an oblique Determinación all 
ways very freely, and continué in 
Mocion a very great while, concrary 
to the Courfe of che Planees. Their 
Ta:l isa very chin V ipour, which che 
Head óf che Comee fends furch when 
in is heared by the Sun. 

This beingfuppofed, Ic is evidenc 
firfl, Thitt the C mets which move 
forrrard according to t he Ordcr of the 
Signs, ought to appear to move Jlower 
than r.fnal, or to be retrograde , if the 
Earth be betwixt tkem and the Sun: 
Jl..d o n the contrary , ihofe which go 
contrary to the Ordervfthe S'gnsy Scc. 
Becaufe, as chey do not wander abone 
amongft the fixed Sears, but oniy a- 
mongft che Planets, fo thev, like the 
Planees, according as the Mocion of che 
Earth confpires, wich or is concrary 
to theirs; muft feem, fometimes to 
move quicker, fometimes flower, 
and fometimes to be retrograde. 

2,. Carnets, fo long as they move 
rticker, mttfi go almoji in great Circles, 
ut in the End of their Coarfe, they 
aughe to deviate , &c. Becaufe, ar 
rhe End of their Courfe, when they go 
almoft direélly from the Earth, thac 
Pare of their apparenc Mocion which 
arifes from che Parallax, bears a 
greater Proportion to the whole 
apparenc Mocion. 

3. Comets ought to move in Ellipfes , 
&>hofe Focíís’s are in the Center of the 
i Sun,&cc. Becaufe they do not wander 
wich an uncercain Moúon ouc of 


one fi&itious Vortex into another, 
but as they belong to the Región of 
ene Sun, chey move round in an Orb 
with a conítanc and regular Motion. 

4. The Light of their Heads ought 
to increafe as they go from the Earth 
torrar ds the Sun, &c. Becaufe, as they 
move abouc amongft che Planets, 
cheir Approach to che Sun, muft bear 
a very great Proporción co their 
whole Di flanee. 

y. Their Tails ought to appear largefi 
and brightefl , mmediately after they 
have paffc.d by the Sun. Becaufe cheir 
H-rads being chen. moft heated, fend 
forth a great many Vapours. 

6. Their Tails ought not to be direélly 
oppofite to the Sttn, but a /ways to decline 
torrar ds ihofe Parts , rrhere their Heads 
rrere befare, as they moved along in 
their O’bs. Becaufe all Smoak or 
Vapours emicced from a Body in 
Mocion afeends upwards obliquely, 
always receding from that Partwhere 
the fmoaking Body goes. 

7. This Devi'ation enght to be lefsy 
near the Head tf a Comet, and when 
the Comet moves near the Sun. Becaufe 
che Vapour afeends quicker near the 
Head of the Comet, than at the 
further end of the Tail j and fo icdoe* 
likewife, when che Comee is nearer 
the Sun, than when it is further off. 

8. The Tails ought to be fomewhat 
brighter and more diJlinCily terminated 
on the convex than on the concave Side. 
Becaufe che Vapour on the convex 
Pare, which goes firft, beinga üttle 
freíher and denftr, refle&s Light 
more copiouíly. 

9. The TaUs ought to appear broader 
tnwards the further End than torrarás 
the Head of a' Comet. Becaufe Vapour 
in free andopen Space, is continually 
rarified and dilated. 

10. TheTails ought te be tranfparent , 
and the fmallrfl Stars feen thro * them. 
Becaufe che Vapour chey confift of is 
exceeding chin. 

You may fee more in the famous 
Sir Ifaac Newton* $ Principies , ‘Book 

1 III. from Prop. 39. Lcrh . 4. to tht 
End . 
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CHAP, XXVIT. 

Of the Inflttences of the STARS , and of judicial 
Afirology. 

I T is a common Enquiry, whether any Influences ‘ s thc 
ought to be allowed to the Stars ; the meaning of ‘ó/ 

which Enquiry is, to be fatisñed whether the Stars a£t the stars. 
in fuch a manner, as to be the Caufe of or at leaít to 
contribute towards thofe Effe&s which we fee produced 
on the Earth. 

2. That the Sun contributes to them, cannot be 2. That thm 
doubted ; becaufe we may affirm that to be the fole, úmDe«bt 
at leaít the principal Caufe of all the EfFects pro- 
duced ín it ; for the Increafiug of Plants, the Fiouriíh- the s«n. 
íng of Cora, the Fruit coming to Perfeélion, ought all 
to be afcribed to the Light or rather to the Heac of the 
Sun. 

3. The Query is only about the other Stars therefore. 3. That the 
And becaufe we feel the Light of them, that is»an un- °'f cr ht s t ‘f r ? 
doubted Proof, that thev have a Power to fhake the Zfbmd femé 
fmall Fibres of the optick Nerves ; and becaufe there is ■iafatrnutif*. 
Matter in the Air, Water and Earth, which is finer and 
eaíier to be put in Motion than thefe Fibres, it muít be 
granted, that they cannot but agítate and move it ; and 
the Particles thereof, by moving afterwards moregrofs 
matter, may produce íeníible Eífeíts ; fo that it is in 
fome Senfe true, that the Stars may be the Caufe of 
thefe Effe&s. 

4. But becaufe we do not own any other Virtue to fT hatthe 
be in them by which they can a el here below, but that f re 

of the Light which comes from them to us, we can- vtry incenfí- 
not allow them any further Power or Virtue in thofe 
Eftefls produced upon the Earth, but in Proportion to ^Zíicf'tht 
their Light : And becaufe the Light of the Sun alone is Snn. 
infinitely greater than that of all the Stars put together, 

■we ought to look upon that as the Caufe of al! thefe 
Effeéls. And if we do not always experience the fame 
Conílitution of Air, whenever the Sun fends forth his 
Rays in the fame Manuer upon the Earth, we muí! not 
feek for the Caufe hereof in the Stars, but look upon 
it as the Effeót of the prefent Difpofition of the Air or 
íhe Earth, 

F 4 
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f. I am perfuaded that the ancient Philofophers, had 
no otherNotions of the Influences ofthe Stars bntfnch 
as thefe: But becanfe th e Egyptians, who were very 
good Aftronomers thought fit to diflinguiíh divers Days 
of the Solar Year, by the diíferent fixed Stars, which 
rife immediately after Sun-fet, and took Care to give 
Notice to the People of the Temperature of the Air 
which they obferved ín certain Seafons, and of what 
was proper for them to do in Agriculture, w.hen certain 
Stars rife after Sun-fet; they took that for the Caufe, 
which was intended only for the Sign : And henee carne 
the Notion of moífl Stars whofe Riíing produced Rain, 
of others that cauíed Drought ; of fome that made Plants 
to grow, and of others which had a particular Domi- 
nion over certain Animáis. 

6. The Experrence we have of the Temperature of 
the Air beingnotalways the fanrieevery Year, thoughthe 
fame fixed Stars nevér fail to rife when the Sun íct, is 
eriough to undeceive thofe who affirm that all Tbings 
here below depend upon the Stars : But becaufe the Planets 
alter their Sitúation in the Heavens every Year; under 
this Prefence they haveexcufed their Mifiake, andtaken 
Occaíion from henee to aícr.ibe to the Riíing of the 
Planets, or to their diíferent Sitúation in the Heavens, 
all thofe powerful Efficacies which they before aferibed to 
the fixed Stars. 

y. And as the Vanity of Mens Minds is 3lways in- 
créafíng ; after thcyjíad once fuffered themfelves to be 
prejudiced wjth this falfe Notion of the Virtue and Ef- 
ficacy of the Planets ; knowing that they could be cer- 
tain of the Sitúation of the Planets for the Time to 
come, by Afironomical Calculation ; they puífed them- 
felves up with.the Invention of an Art, which could fore- 
tel Things to come; as Rain, fair Weather, Wind, 

S hunder, Tempefís, Plenty, Famine, War, and fuch 
;e Things. This Art is what they cali Judicial 
Aftrokgy , which fome boalt themfelves Mafiers of, 
and are got to íüch a pitch of Vanity as to promife to 
predict the mo.fi: particular Aétions and Fortunes of 
Perfons. 

8. In order to avoid beingdeceived by fuch vainPro- 
mifes as thefe ; we pught to confider in the firfi Place, 
that this Afirology hath no Foundation; and that fi 
cannot be proved by any Reafon, that any íuch Powprs 
$fe in the Stars, as Aftrologers aferibe to their). 

«p. Seconclly ? 
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9. Secandly , It is certain, that tbey have not even Ex- 9 - ^ 
perience on their Side, which however they appeal to, 

and upon which they build their Art: For, as it would Experience 
be ridiculons to affirm, that Experience íhews us, that "¡thtirSiáu 
Socrates's going out of Town, produced Thunder, be- 
caufe it was obferved to thunder once, at the Moment 
that this Philofopher was got into the Road to go into 
the Country : So likewife is it ridiculous to affirm, that 
we have the Experience, that fuch a particular Coníti- 
tution of the Stars, produced, for Example, the Sick- 
nefs of a Prince, becaufe it was once obferved, that a 
Prince was íick, when they were in fuch a Difpoíition. 

And indeed, fo far are Aflrologers from having inany 
Times obferved, what the Difpoíition, which the Stars 
will be in to Morrow iiv the Heavens, is capable of 
producing ; that ftritUy fpeaking, we may affirm, that 
they have not the leaíl Obfervation at all ; becaufe it 
■will takeup feveral thoufand Years before fuch a Con- 
ílitution of the Stars as we have obferved can happen 
twice. So that we may affirm, that fuch a Conílitu- 
tion in the Heavens as will be to Morrow, has not yet 
been feen lince the Creation of the World. 

10. We may add to this; that if we allow Afirolo- 10. Th¡¡t de 
gers tohavemade fome Obfervations of what has hap- 

pened in former Ages, under certain Pofitions of the 
Stars; yet they would be of no ufe, but in the Coun- Cmntry, 
tries where they were made; for it is certain, that what- ntf 
ever the Difpoíition of the Heavens be, the fame Clear- „hat ¡Tdme 
nefs or the fame T empeíl does not reach over the whole in “nother. 
Superficies of the Earth, but many Times, it rains very 
hard in one Country for a greatPart of the Year, when 
in another Country not far of!, it is very dry. 

11. Further; I cannot forbear taking Notíce here, xi.TheMf- 
pf the vain Credulity, or rather the fooliíh Error of 

molí Europeans, about the Star called the Dog ; who , 

believe it to be of a hotNature, and that it is theCaufe star. 
of the Heat, that commonly happens about the Time 
that it rifes when the Sun rifes, and which is called the 
Dog-Days. For the People that live in the Southern 
Parts of the Earth, and over whofe Zenith this Star 
paífes, have much greater Reafos to believe that it is 
of a coid Nature, becauíé at the lame Time when this 
Star rifes with the Sun, which is the Seafon wherein 
we, often feel the greateíl Heat, they find the greateíl 
pold, and are iti the Depth gf Wintcr. 
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12 27 «ífí« 12. Perhaps it may here befaid, that Aítrologers do 

AfmkgtTí fome times hit upon theTruth; which I do indeed al- 
mayfometimes Iow : But this does not at all eítabliih their Science ; 
cha»í/^ SÍy kecaufe there is no Perfon, be he ever fo ignorant, 
but ir he undertook to foretel Things to come, he 
would by chance hit upon íome Things that come to 
pafs, as well as upon lome that did not, in the lame 
manner as the greateít Aítrologers in the World. 

13 -OftfffSs 13. Not to infiít any longer uponthis Subjeét, which 
^'JíbeMom ’ 4 ^ oes not deferve to have any more faid of it, and 
which is not worth being feriouíly treated by any Phi- 
lofopher; I íhall fpeak only one Word more about 
fome falfe Opinions, which have been received by the 
Credulity of Men, and which Aítrologers endeavour 
to confirm and turn to their own Advantage. Thus, 
it is generally thought that the Moon has a particular 
Virtue to corrode Stones; that the Bones of Animáis 
are full of Marrow upon the Increafe of the Moon, 
and have none in them but are full of Blood in its 
Wane; 1 and that Lobíters and Oyíters and a great 
many other Fiíh, are fulier towards the new and full 
Moon, thaíl at the Shiadratures. 

s4 .ThtRca- 14. As to the Eating away of Stones, the Moon is 

wrongfully accufed hereof, becaufe it never fends forth 
dZtm ewy. its Rays to any Places but where thofe of the Sun go 
alfo ; fo 'that it feems to me more reafonable to make 
the Sun the Caufe of thefe Effe£ts than the Moon: 
For it is highly credible, that in a Number of Years 
fome Stones may be calcined by the Heat of the Sun, 
as they are by the Fíame of a Candle in a few Flours. 
After which it is not at all furpriíing, that the Moiíture 
of the Air Ihould reduce Stones to Powder, as we fee 
it does Lime. 

i And that Lobflers and Oyflers, 
érc.) Pliny, Book II. Chap. 41. 

■And it.decd th¿ 'Bodics of Oyflers, 
and all other Shell- Fijh, increafe and 
again diminifh by the Power of the 
Moon. And Chnp. 99. It is this 
( the Moon ) which replenifhes the 
jEarth, filling Bodies as it approaches 
ncar, and etnptying them as it g/>es 
farther óff ; and therefore Shell-Fijh 
increafe as that increafes , &c. You 
may fin d more of this in Plutarch’a 
Entertahttng Problems , Book III. 

Prob. 10. Why the Moon has mort 
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Power to corrnpt Flefh than the Sun 
and in Macrobias , Book VII, 
Chap. 1 6. But as to the real Power 
of che Moon ¿ lince it is evident» 
that it caufeí a greater Flux and Re 
flux in the Air than in the Sea, it 
muft cerrainly produce fióme Altera- 
rions in the Te m pera cu re of theHea* 
vens, and this máy make fome Aire- 
ration in theBodiesof Animáis. But 
as to any other Effe£b commonly 
aferibed to rhe Moon and Planeta 
beyond what are owing co thefe 
Caufes, th^v are mere Triflei, 
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!<-. It ¡s alfo a great Miílake to think that the Bones >r. That the 
of Animáis are full of Marrow at fome particular Sea- 
fons of the Moon, and empty at others; forlam fure /..ih/Mam» 
from above five and twenty Years Obfervation, that in *« thiimnáfi, 
all Quarters of the Moon, we may find fome Bones ZoZ^ff 
full of Marrow, and others empty; fo that this Dif- the ¿ 
ference depends upon fome other Caufe. And it is Md ” h ¡p ce 
very probable, that the want of Marrow in fome Ani- 
mals proceeds from their not having fufficient Nouriíh- 
ment, or from the Fatigues which fuch Animáis un- 
dergo. For I have taken Notice, that there was no 
Marrow at all to be found in the Bones of Sheep 
which were killed immediately after they were brought 
to París from Provinces a great Way oíf; whereas 
there is a great deal to be found in the Bones of thofe 
who have reíted fomeTime in theFolds that arein the 
Suburbs of this City, where care was taken to feed 
them. 

16. The Notion, that Lobfters and Oyflers and 16. That the 

other Fi£h, are fuller, or not fo lean, in fome Quar- ^úov.fuh. 
ters of the Moon as in others, is alfo falfe, and con- fjZJZZ'pfy 
trary to all Experience: And this Error has crept in, amrdmg to 
like moft others, by raíhly taking that for the Caufe of the p H {S °f 
an Efteét, which really is not, but is only mere Chance “ 

andHazard; and there is no Perfon who has taken 

eVer fo little Notice, but has a hundred Times in his 
Life, experienced the contrary to this and a great many 
fuch like vulgar Opinions. 

17. But if Fiíh be obferved leaner at fome particular ij. myFiih 
Times than at others, it may proceed from henee ; that 

they have not met with fo much Nourilhment, or that rimes. 
they have been puf into too violent a Motion, and fret- 
ted either from the extraordinary Agitation of the Wa- 
ter, or by contending with each other : And this will 
appear híghly probable to any one who knows, that the 
Fiíh taken in the Sea near Calais , where the Water is 
very rough, are commonly leaner than thofe taken near 
Bologn, where the Sea is ítiller : And indeed amongít 
the lame Kind of Fiíh, taken at the fame Time, and 
in the fame Place, thofe which are catched in Nets let 
down into the Sea and drawn up again immediately, 
are plupmer and fuller than thofe which are catched in 
Nets upon the Shallows, where they lie fretting them- 
íelves for five or fíx Hours till the Tide goes back. 


CHAP. 
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CHAP. XXVIII. 

Of Gravity and Levity . 

i. mime TT has been always obferved, that tbere are fome 
GrÜivJ ' mi i- Bodies which if they be not ñipported in the Air, 
Levhy añfe. will defcend, and inove towards the Center of the Eatth ; 

and that there are others, which, if at Liberty, will afcend 
and movefrom the Center ; and though the Principies of 
thefe Motions were not known, yet this did not hinder but 
that Ñames were given to them, the one being called 
Gravity , aud the other Levity, But it is theButinefs of 
aPhiloíbpher toenquire intotheNature of thefe Things, 
and to explain what is meant by thefe Wotds. 

4.1 Aríflotie’s 2. Some have aíferted, amongft whom Aríflotle was 
cZvíty'' b Md one ’ íhat thofe Bodies which we fee defcending, moved 
Lnity. themfelves in fueh a manner, by a particular lnclinátion 
which was in them to go towards the Center of the 
Earth, which was looked upon to be the Center of the 
Univerfe alfo. So likewife thcy afferted th.it the Bodies 
which we fee afcend, had a contrary lnclinátion by 
which they moved from the Center. 

3 . Thi Opinión o. Others thought it fuperfluous to admit two Sorts 
Fhiilfiphers" ínclinations in Bodies, and thereforé they contended, 

fhac it is more reafonable to aííi rt; that all Bodies have 
but One lnclinátion only, which makes them tend to 
the Center of the Univerfe; But fome being carried 
with greatcr Forcé than others, the latter are obliged to 
remove further oíf, which makes them feem to be light. 
According to this Opinión, weoughf tofay, that Fíame 
is heavy, and that when we fee it afcend, the Reafon 
is, becaufe the Air in which it is, is heavier than it; in 
the fame manner as we íay the Cork rifes in the Wa- 
ter, becaufe Water is heavier than Cork. 

4. a thlrd 4. To thefe two Opinions we may add a third, viz. 
Opinión. that there is but one lnclinátion only in all the Bodies 

which furround us, and that is to afcend; and that 
this lnclinátion isgreaterin theFire, than in the Air, and 
that it is greatcr in the Air than in the Water, and that it 
is leaít of all in the Earth: According to this Opinión; 
when a Stone defeends in the Air or in the Water, we 
ought to fay, that it proceeds from henee ; that it was 
compelí ed by thefe two other Bodies, which havingmore 
Forcé than it to recede from the Center of the Earth, 
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thruft it that Way, and made it tend towards the 


95 


Center. 

y. As the two laft Opinions are fomewhat mtíVefím- 5. Thatthefi 
pie thíin the firft, becaufe they íuppofe but one Inclina- ™» 

tion only» in Bodies, they íhould feem to be the moíl p‘Úu^f y 
probable: But this fmall Advantage is not enough for 
us to prefer them to the former \ and to íay the T ruth, 
none of theThree are fatisfa&ory : For if by the Word, 
Inciination, w'eunderíland any inward Senfation, orany 
particular Sort of Thought; I can’t think that it can 
without Abfurdity be afcribed to mere material Beings, 
fuch as Stones are. And if by this Word be meant 
only in general, áCaufe, whatever it be , which produces 
thefe Motious by which Bodies are carried upwards and 
downwards, then it is only a mere Sophifm; becaufe » 
it is faying notning, but only purely giving the Ñame 
Inciination to fomethiug we know not what. 

6 . It is to be obf.-rved, that it is without any Reaíbn 6 . That then 
that thev who defend thefe Opinions alfert, that the Gen- " " M‘ a 
ter o! the Earth is the Center of the World: For it i StLtbéZy* 
certáin that we muít know the Extremities before we Th¡*¿s t<xd 
can know the Center which is equally diíhnt from them; C 

but who can pretend to know tire Extremities of the * r 
dJniverle; And if we mean to fpeak only of the viíible 
World, what we have before eftablifhed, is flifíxcient to 
convince us, that its Center is rather in the Sun than in 
the Earth. 

7. Jn order to underíland then more clearly and more 7- 
diílin&ly, what theGravity andLevity of Bodies confift 
in, -and not to contení ourfelves with Words which we 
underft.uid not the Meaning of ; we muft cali to Mind 
that Rule which we formerly laid down, and which we 
fiid was one of the principal Laws of Nature, viz. 

That the i arts of any vjhole which turas about its own 
Center , have a Tendency to recede from it , which Tcn- 
dency is greater in thofe Parts which have more Motion 
than in thofe which have lefs. Now lince the Mafs 
compofed of Earth, Water and Air, turns abouts its 
Center ; and it being certain that there is in this Mafs a 
very greac Number of Parts, which have more Motion 
than othcrs ; we ír.ay .con elude that they doall of them 
really endeavour to rec.ede from the Center about which 
they are turued, and therelbre they may all in fome 
Senfe be láid to be light; but becaufe -the Parts which 
have leaft Forcé to recede, are pulhed with Violence 
towards the Center, by thofe Parts which have more 

4 Forcé, 


\ 
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Forcé, this is the Reafon why we find them to be 
heavy. 

s. a notable 8 . This is confirmed by a very remarkable Experi- 
ment which we are obliged to Mr. Hugens for ; He 
mov- took an earthen Veííel which was white and round, 
r ,„nd, about feven or eight Inches in Diameter, fíat at the 
IfffJmfhe Bottom, and the Sides about three Inches high, and fil- 
cmter. led !t wíth Water ; then putting into it fome beaten 
Spanijh Wax , whofe Weight made it fink to the Bot- 
tom, and whofe red Colour made it very viílble upon 
the white Bottom, he covered the veíTel with a Píate 
of very tranfparent Glafs, and fealed up the Edge fo 
that nothing could get out ; having done this, he fallen- 
ed the Veííel on an Engine or Pivett, fo that he could 
* tnrn it about and ítop it at Pleaíltre. While the Vef- 
fel was turning round in this manner, the Wax Pow- 
der which was at the Bottom of the VeíTel could not 
ílip upon it fo readily as the Water, but ítuck a little 
to ir, and therefore was more eaíily carried about; by 
this Means it acquired more Motion in turning round 
than the Water, and confequently was forced to re- 
move from the Center, and tofpread itfelf, and get all 
round the Sides of the VeíTel ; he then ítopped the Mo- 
tion of the Engine on a fudden, and the VeíTel which 
was fixed to it confequently ítopped alfo ; whereupoií 
th zSpaniJk Wax grating againft the Bottom, and its Par- 
tióles being rugged, did not move fo quick as the Wa- 
ter whofe Motion could not ílacken fo faít, becaufe it 
can eafily ílide over the Body it moves upon. He íhews 
us that at this Inítant ofTime, the Water refembles 
the Fluid Matter which furrounds the Earth and the 
Powder of Spamjh Wax refembles Pieces of the Earth 
which we fee delcend in the Air; for the Powder was 
then forced to approach to the Center of its Motion, 
being driven thither by the Particles of the Water which 
endeavoured to recede with greater Forcé than the 
Powder which gathered into a little round Body in the 
Center like the Earth. 

5. That 9. By this Experiment we fee clearly that Gravity is, 
mhléZ'vity, P ro P erl Y fpeaking, nothing elfe but lefs Levity ; and 
a„d that the though it follows from henee, that the Bodies which 
Defien t of defcend have no Diípoíltion in themfelves to defeend ; 

y« this Motion ought however to be called Natural, 
jookednponas becauíe it is the Refult of the eílabliflied Order of 

nataral. NatUre. 


10. Now 
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io. Now that tbere are fome Parts of the Mafs com- 10. That, he 
pofed of Earth, Water, and Air, which have more 
Motion than others, may be colleéled from henee ; that pajp-s , he ' 
the Earth is not turned about its Center in twenty-four Eizrth has 
Hours by its own Forcé, but is carried by the Current 
of a fluid Matter which íurrouuds it, and which pene- „ff from the 
trates all its Parts: For this Matter, by Reafon of its Cm thm 
Fluidity has inore Motion than is requiíite to revolve £¿¡ 3 . 
along with the Earth in twenty-fours Hours ; fo that 
its Parts employ the reft of their Forcé either to turn 
themfelves round fwifter than the Earth thefame Way, or 
elfe to move themfelves in an infinite Variety of different 
Ways : And becaufe the World is full, and it is with 
fome Diíñculty that they get out of the Place they are 
once in; therefore moftof them muft neceftarily be de- 
termined to turn round in an innumerable Company of 
.fphserical Superficies concentrick to the Earth : And here- 
in confiftsthe fuperiour Forcé of this fluid Matter aboye 
other terreftrial Parts, to recede from the Center of the 
Earth. 

n. When I am here ípeaking of the fluid Matter 
which incompafíes the Earth, I mean chiefiy the Mat- Fme bek r, s ¡ 
ter of the firft and fecond Element, which is in the Air, 
or in the Water; becaufe this Matter has the moftMo- £ e frfiZmi 
tion, and the Parts of Water or Air compared with Eli '. 
this may be looked upon as terreftrial Parts, they are fo mcnt ' 
very much groífer, and fo little agitated ; for though 
theíe Parts fwim in that Matter, yet the contrary Im- 
preflions which they perpetually meet with from it, hin- 
der them from acquiring any very rapid Motion, which 
might continué for a long Time. 

12. Now in order to underftand more clearly what I2 . 
theAQion of the fluid Matter is, takeaViewbf thefol- Cafrthh forcé 
lowing Figure, in which the Circle ABCD reprefents 
the Mafs compofed of Earth, Water, and Air, whofe Tab.xiv. 
Center is E; and the little Circle FGHI reprefents Fi g‘ *• 
the Earth. Let us imagine inourMinds, that this Mafs 
is divided into a great many Pyramids whofe Vertexes 
meet at the Center of the Earth, one of which is here re- 
prefented by AEB; this being fuppofed, wearefurein 
the firft Place, that though the different Parts which com- 
pofe eachPyramid, have aTendency to recede from the 
Center E, yet they cannot recede all at once, becaufe 
there is no void Space round about this Mafs which they 
tompofe, and the Matter which is about them, hiuders 

them 
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them from moving out of their Places. We are certain 
likewiíe, that a fingle Pyramid, fuch as AEB, cannot 
retire whole from the Center, by fpreading it fdf and 
growing bigger at the Extremity A B, and fo forcing. 
the Matter on each Side to approach towards the Cen- 
ter, becaufe the Matter of the other Pyramids by which 
this is furrounded, have an equal Tendency and the 
íáme Forcé to recede from the Center likewife as the 
Pyramid AEB, at leaft, if we fuppofe the terreftrial 
Matter which is in each Pyramid, to be already as near . 
the Center as it can be. 

a partí- jg. But if we fuppofe that there isa Terreftrial Body, 
as L, in the Pyramid AEB, and none in the 
GrZhyof a other Pyramids about it; it is eafy to fee that this Py- 
ramid muft have fo much lefs Power to remove from 
the Center, than any of thofe which furround it, as the 
Body L has lefs than the Quantity of Fluid had, whofe 
Place it poíTeífes; from whence it will follow, that 
the Matter of fome of the Pyramids will recede from 
the Center, and ' forcé the Body L to approach to- 
wards the Center, in the fame Manner as they who 
affirmall Bodies to be heavy, faythat the Water forces 
Cork to rife up. 

14. The 


I. Forcé the 'Body to approach to- 
wards the Center, &c. ] This was 
a very ingemous Hypothefis, and 
fo Iong as rhe World was thought 
to be rull, a very probable one But 
fince ic has been made appear by a 
great many very exa£t Obfervations of 
modern Philofophers, thac the World 
is noc fuli; and chac Gravity is the 
moft anclen: and moíl univerfal 
Property of Matter, and the princi- 
pal of all in maincaining and ke?.p- 
ing together the whole Univerfe; 
we muft proceed in anocherMethod, 
and find out another TheoTy of Gra- 
vity. To be íhort, the celebrated 
Sir If/ac Nevotcn has purfued this 
Enquiry with that Succefs, thac the 
mofl limpie Nature of Gravity, being 
fuppoíeds he has eftabliíhed the true 
Syftem of the World beyond all Con- 
troveríy, and moft clearly explained 
the moft confiderable Phamomena of 
all Nacure. And his Opinión of the 
Nature 2nd P/operties of Gravity ís 

zhlSs 


Every Jingle Partióle of all Bodiej 
whacever, graviiates to every Jingle 
Partióle of all Bodies whatfoever; 
ihat is, they are impelled towards 
each other by Gravity, See the Notes 
on Part I. Chap. II. Art. lj-. 

This gravitad ng Forcé is Unfaer- 
fal as to the Extern o/;f ; that is, all 
Bodies whatfoever,fo : far as we know» 
where ever they are placed, not only 
ontheEarth, butalfo in theHeavensj 
whether in the Moon or Planets, in 
the Sun or any orher Place, are en* 
duéd with this Power. 

This Forcé is alfo univerfal as to 
the FJnds if Bodies i thac is, all Bo" 
dies, whacever their Figure, Form ot 
Texture be, whether they be limpie 
or compound, fluid or fohd j whe- 
ther they be great or fmall ; whether 
they be in Motion or atReft, are en- 
dued with this Power. 

This Forcé is alfo univerfal as to 
Time i thac is, all other Condi rions 
I being che fame, ic never increafes of 
| dimíniíhes. 


The 
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14, The'Weight of aBody therefore ís proportiona- 
ble to the quantity of fluid Matter which caufes ít to 
defcend ; fo that it feems the bigger any Body is, the more 
weighty it ought to be. 

i j. How- 


The Quantity of this Gravity at 
equal Diftances, is always exafíly in 
Proportion to the Quantity of Matcer 
in the gravitating Bodies. For In- 
flance, if a cubit Foot of Gold has a 
Thoufand Pound Weight Lipón the Su- 
perficies of the Earth, two cu’oit Fect 
will have two Thoufand Pound Weight 
apon the fame Superficies ¡ and if the 
Earthcontained but half the Quantity 
of Matter that itdoes now> the fame 
cubick Foot of Gold which has now 
a thoufand Pound Weight upon the 
Superficies of the Earth, would have 
buc Five Hundred only. 

This Gravity in given Bodies is 
greater or lefs according to the Di- 
fiancé of thofe Bodies from each o- 
rher; for Example, a Scone which 
near the Superficies of the Earth» is 
very heavy, if i t were carried up as 
high as the Moon would be very 
light. 

Laflly , The Proportion of the In- 
creafe or Decreafe of this Gravity 
in Bodies approaching to or rece- 
ding from each other is fuch that 
its Forcé is reciprocally in a duplí- 
cate P-roportion or as the Squares of 
their Diftances. For Example, a 
Body which at the Di flanee of ten 
Diameters of the Earth, weighs a 
hundred Pounds, would, if its Di- 
fiance were but half fo far, weighfour 
Times as much; and if but a third 
Part fo far, nine Times as much. 
So Ükewife, the Forcé which upon 
the Superficies of the Earth, could 
fupport a Hundred Pound Weighr ; 
if it were twice as far oíf the Cen 
ter, could fupport íour times the 
Weight, if three Times as far off, 
it could fupport nine Times the 
Weight. 

Havinglaid thisdown for theNa- 
ture of Gravity, icfollows: 

Firfl, That Gravity or the Weight 
of Bodies is not any accidental Ef- 
feéf of Motion or of any very fub- 
tle Matter, but an original and gene- 
ral Law of all Matter Imprefied upon 
it byGod, and maintained in it per- 
petually by fome efíicient Power, 
which penetrares the folid Subftance 
of it; for Gravity aever is in Pro- 


portion to the Superficies of Bodies 
or of any Corpufcles, but always to 
the folid Quantity of them. Where- 
fore we oughc no more to enquire 
how Bodies gravitate, than how 
Bodies began firft to be moved. 

Sccond/y, Henee ic folio ws, thac 
there is really a Vaiunm in Na cure, 
and that it is much the greateftPart. 
For fince Gravity is an univerfal Af- 
feílion of Matter, if we fuppofe the 
World to be full, ic would follów, 
that all Bodies would be equally hea- 
vy: which is very abfurd. 

Thirdly, This being Iaid down for 
the Narure of Gravity; it will fol- 
low, thac the Planers, if they have 
once impreífed upon them by God, 
the moft (Imple proje&ile Motion 
in ílraighc Lines, will revolve about? 
the Sun, as we fee they really do» 
in Circles or Ellipfes, withouc the 
Help of Vortexes. See the Motes on 
Chap, XXV. Art, 22. of this Part . 

Fonrthly , Henee ic follows, that i£ 
any very greac Colle&ion of fluid 
Matter be gathered togecher upon the 
Superficiesof the Earth, ic mufiflow 
backwurd and forward according to 
che various Motions of the Sun and 
Moon, becauíe of its gravitating to- 
wards them, in proportion to ebeir 
Magnitudes and Di fian cés. See the 
Motel on the follomng Chap. 

Laflly , So eafy and agreeable to 
che nature ofThings, is chis Noción 
of Gravity, that I<¿pler, though he 
could not explain the Manner of the 
cídeftial Motions by ic, yes he con- 
tended thac ic was crue. 

Gravity , fays he, is a corpórea! Af- 
feóliorty which is mutual beiwixt 'Bo- 
dies of the fame Matare , &C. 

If the Earth was not round , heavy 
Bodies would not defcend from allPa*ts 
direfily toward the Centex of the Earth ; 
but from d’jfercnt Sides would defcend 
tcivards d'jfcrent Points. 

If two Stones were placed near each 
other in any Place of the World , ofít 
of the Rrach of the A Ilion of any third 
Body of the fame Matare the fe Stones 
in the fame Manner as two Load- 
Stones, would meet in an intermedíate 
Place , each approaíhing to ths other by 
G fiú 
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if. Why i y. Howeverthis is not always trae, ñor is it everfo 
' B ° die . s Á’ m r but when all Circumftances are alike ; for it is to be ob- 
Zdjb aüh. ferved, that all terreftrial Bodies have Pores, which 
the Matter of the firft and fecond Element can very 
eaíily entér into; they muft neceíTarily always contain 
in thema certain Qiiantity ofthat Matter; which having 
juft as much Forcé, as an equal Quantity bf the fame 
Matter, which is in the Pores of an equal Portion of 
Air that muft afcend into the Place of the terreftrial 
Body, it is only the Difference betwixt the two Quan- 
tities of fubtle Matter that ought tobeconfidered : Fur- 
ther, there is always a certain Quantity of terreftrial 
Matter in every Portion of Air likewife, which ought to 
be deduíted out ofthat which compofes the heavy Body 
with which it is compared: So that the whole Weight 
of a Body coniifts in this, that the Remaind¿r of the 
fubtle Matter, which is in the Portion of Air that fuc- 
ceeds in the room of the heavy Body, has more Forcé 
to go off from the Center of the Earth than the Remain- 
der of the terreftrial Matter, which compofes the heavy 
Body. And as Things may be diverlified agreatmany 
Ways, from henee ariíes the unequal Weight of diffe- 
rent Bodies of the fame Bignefs ; and this is alfo the 
Reafon, that foine which are very large, do notwithftand- 
ihg vyeigh but a little. 

1 6. Why 16. As to the Velocity with which heavy Bodies fall 
the Ccimtjrf towards the Earth, and the Propordon which Bodies of 
ivmi/htT different Weight obferve in falling, there are many Par- 
theyfM. ticulars worth our Notice ; and Firft, it maybedemand- 
ed ; W henee it is that their Celerity increafes in Pro- 
portion to their Defcent in the Air ? To which it is 
eafy to anfwer ; that when a Body begins to defeend, its 
Velocity cannot be very great, becaufe the fubtle Matter 
which is about it getting into its Place, and which is all 
that it is impelled by, cannot forcé itdownwards with fo 
great a Celerity, as it has itfelf to recedp from the 


fitch an Interval as is proportional to 
the other 3 s r B:ilk. 

If the Moon and the Earth mere 
not kept each in their Orbits, by an 
animal Forcé 5 or forvething equi- 
val en t to it ; the Earth vooníd af- 
tend towards the Moon a fifty-fourth 
Fart of the Difame bttwecn them , 
and the Moon would defeend towards 
the Earth fifty - three Parts of the 
Difame or thereabouts ¿ and there 


they wotild be imitcd tcgcthtr. This 
would be fo apon Suppofition , that thé 
Matter óf them both is of the fame 
Denfty. See l(¿pler y s Imrodu&tion 
to his Boolc concerning che Mocions 
of Mars. 

Buc as co che cjjicient Canfe of chis 
Gravity, as we have called ic, See 
above Chap, XX. Art» iy. of the firfi 
Part. 


Center 
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Center of the Earth. But when it is once put in Mo- 
tion and begins to defcend, the fnbtle Matter which 
is underneath it, and which tends with its whole Forcé 
to afcend as high as it can, puíhes it downwards con- 
tinually, and fo perpetual 1 y adds new Degrees of Ce- 
lerity to thofe which it had befóte. And this is the 
Reafon why the 1 Celerity encrcafes every Moment, 
and that its Fall is the more or lefs violent, according 
to the greater or leíTer Height from whence it begins 
to defcend. 

17. It 


I The Celerity mcreafes every Mo- 
mento 8cc.] The Motion of falling 
Bodies is increafed in che proporción 
of oddNTumbers, i, 3, f , 7, 9> &c. 
So rhac che Spaces run chrough, are 
as the Squares of che Times, chac 
is, if a heavy Body defcend a Fooc 
in one Momenc, ic will defcend four 
Fooc in cwo Momencs, nineFooc in 
chree Momencs- drc. 

Buc becaufe this is oneof che Prin- 
cipal Phtenomena of Nacure, I fhall 
add a fuller Difíertacion upon chis 
Matcer. 

The famous Sir Ifaac Nevoton has 
fliewn, chac the Gravicy of Bodies 
■which are aboveche Superficies of che 
‘Earch, is /reciprocally as che Squares 
of cheir Diftances from its Cer.ter; 
Buc che Theorems concerning the 
Defcenc of heavy Bodies, demon- 
fíraced by GalliUns , Hugéns , and o- 
thers, arebuilc upon chis Foundation, 
thac che A&ion of Gravicy is che 
íjme ac all Diftances: The Confe- 
quences of which- Hypochefis, are 
found to be very nearly agreeable co 
Experience, becaufe che Spaces to 
which Bodies can be carried above 
the Superficies, are fo very fmall 
compared wich the length of che 
Earch’sSemi-diameter; chac cheDif- 
ference of the Diftances from its 
Center, may be looked upon as no- 
thing. Suppofing cherefore cheAc- 
tion of Gravity ro be equable, and 
chac chere is no Refiftance in che 
Médium chrough which Bodies fall ■, 
the f tllowingTheoreins may be thus 
demonftraced. 

Prop. I. 

The Velocicies aequired by a heavy 
‘Body, which was ac reft till it began 
to fall, ac che Conclufion of any 
Times compuced from the Begin- 


ning of cheir Fall, bear the farne 
Proporción co each ocher as chele 
Times. 

For ic is evident; thac in a Mor 
tion performed in che fame flraighc 
Line. and acceleraced by equal and 
fucceftive Impulfes, che Velocicies 
aequired, muft be as the Number of 
Impulfes. If cherefore we imagine 
che Time of the Defcenc co be di- 
vidid inco infinicely fmall and .equal 
Momencs or Points of Tiene, and 
thac che Forcé by which che heavy 
Body is urged downward, adds in 
every one of chefe Momencs a new 
Impulfe to it, always equal to che 
foregoing one; thac is, a £s upon ic 
concinuaíly in che fame Way and 
Manner; it is manifeft that che 
heavy Body may be apprehended to 
havereceived as many Impulfes while 
ic was falling, as chere are Momencs 
of Time compuced from the Begin- 
ing of ics Defcenc: The Velocicies 
aequired therefore, are as che Num- 
ber of Momencs compuced, chac is, 
as che Times caken up in falling. 
Q, E. D. 

Coro!!. 

In the righc angledTriangle ABO 
if AB, AD reprefent 
che Times of Defcenc; Tab. XXL 
and if BCreprefents Fig. 1. 
the Velocity aequired 
ac che End of che Time A B; chen 
DE parallel co BC will reprefent che 
Velocity ac cheEndof cheTimeAD. 

Prop. II. 

The Spaces run through by tí heavy 
Body which was ac reft before ic be- 
gan co fall, in any Times compuced 

I rrom cheBeginningof the Fall, arein 
a duplícate Proporción boch of thofe 
G 2, Times, 
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17. It is trae, and it is the Second Particular here to 
be confídered, that a Body may arrive to fuch a Degree 

of 


Times, and of the Velocities acquir- 
ed ac the End of thofe Times. 

For it is evident, that the Spaces 
which a biavy 'Body palles through 
in falling, in any Times whatfoever, 
are to one another, as the Sums of 
the Velocities with which the heavy 
Body is carried in every one of the 
Moments of thofe Times. Now the 
preceding Corollary being granted, 
every one of the Lines that are pa- 
tallel to DE in the Triangle ADE, 
do each of them reprefent every one 
of the Velocities with which the 
heavy Body is carried in the Correa 
fpondent Moments of the Time i*e- 
prefented by AD (¿y the precedí!#. 
Cortil.) Therefore the Sum of chele 
Lines or the Triangle ADE will re- 
prefent the Sum of all the Velocities 
With which the heavy 2o dy is car- 
ried in the Time AD. Forchefame 
Reafon che Triangle ABC will re- 
prefent the Sum of the Velocities 
with which Cae heavy "Body is carried 
in theTimeAB. TheSpaces there- 
fore run through in the Times AD, 
AB are to each other as the Trian- 
gles ADE, ABC. But thefe Trian- 
gles are to one another in a duplicare 
Proportion as well ofAD to AB, 
as of DE to BC, that is, as well of 
the Times of their Defcent as of 
their final Velocities. The Spaces 
therefore run through, are to one 
another in the fame Proportion. 
Q. E. D. 

Coro//. 

Xf the Times, cnmpured from the 
Beginning of rheFall, beto one ano- 
ther as Numbers increafing in the 
Rank 1 , 2, 3, 4, &c. the Spaces run 
through in thefe Times, will be as 
the Squares of thefe Numbers; vite.. 
as theNumbers 1, 4, 9, 16, &c. and 
the Spaces run through in equal con- 
tiguous Times, will be as the odd 
Numbers 1, 3, y, 7, &c. 

Prop. III. 

The Space run through by a heavy 
Body which was at refl before it be- 
gan to fall, in any Time whatfo- 
Sver, is half the Space which it 
wouldrun through in che fame Time 


■with an equable Motion, with the 
Velocity acquired in the lafl Moment 
of its Fall. 

Let AB reprefent the Time of 
the Defcent; BC the 
Velocity acquired ac Tab.XXI. 
the End of it, and Fig. 1. 
lee the Triangle ABC 
be completed into the Parallelogram 
B F : It is manifeft, that the Space 
paffed through in the Time AB, 
with the equable Velocity BC, is 
rightly reprefenced by this Faralle- 
logram. But the Triangle ABC is 
half this Parallelogram. Therefore 
&c. Q. E. D. 

N. 2 . The three foregoing Theo- 
rems are true alio if applied to heavy 
Bodies defeending upon any inclined 
Planes; becaulé they are urged along 
thofe Planes by a Forcé which is given 
and equable, and which is to the 
Forcé of Gravity, as the Height of 
the Plañe to the Length of it. See 
the Notes on Part I. Chap, ly.Art.g, 
Prop. 2. 

Prop. IV. 

The Velocity ultimately acquired 
in falling along any in- 
clined Plañe A C, ise- Tab.XXI. 

qualtotheVelocityac- Fig. 2. 

quired in falling the 
Altitude of icAB; and therefore the 
Velocities ultimately acquired in fall- 
ing along any inclined Planes AC, 
A D whofe Altitude is the fame, are 
equal : And the Times of their De- 
fcent along the fame Flanes, are as 
the Lengths of thofe Planes. 

From whac has been already faid, 
it is evidenc; that in Motions equa- 
bly accelerated, the Velocities gene- 
rated in a given Time, and confe- 
quently the Spaces run through, are to 
each other as the Forces by which 
the Velocity is generated. 

Firji tlien, let the perpendicular 
BP beletfallfrom B to AC; and the 
heavy Body in deícending along A C, 
will arrive ac P, in the fame Time 
thac it would arrive at B in falling 
from A; (for AB is to AP, as AC to 
AB ; that ís.asthe Forcé with which 
th e heavy Body is urged along A B, to 
the Forcé with which it is urged a-, 
long the Plañe AC;) wherefore 
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of Celerity, as cannot be further increafed ; either becaufe 
theAir is uncapable of opening any freer PaíTage for it ; 

or 


roí 


the Velocity in B is alfo to the Velo- 
cicy in P, as AB, co AP; but the 
Velocity in P, is co the Velocicy in 
C, in a fub-duplicace Racio (by Prop. 
a.) of AP to AC, chac is, as AP to 
AB. The Velocity in B therefore, 
is to the Velocicy in C, in a Ratio 
compounded of AB co AP, and 
AP to AB, - but this is a Racio 
of Equality. Therefore &c. Se- 
condly , Becaufe the Time of che De- 
fcenc from A co P, is co the Time 
of Defcent from A to C, in a fub- 
duplitíate Racio {by Prop. i.) of A P 
to AC alio,- that is, as AP to AB, 
or as AB to AC,' and becaufe a heavy 
*Body in falling from A will anuye 
at B in the fame Time as ac P,* 
therefore che Time of Defcent along 
AB, is to the Time of Defcent a- 
long A C, as A B to A C. And for 
the fame Reaíon, the Time along 
AÍ), as AB to AD, Therefore 
&c. Q_. E. D. 

Prop. V. 

If the Diameter AB of any Circle 
be ere&ed perpendicular co che Ho- 
rizomtheTimes of De- 
Tab. XXI. fcentalongany Chords, 

Fig. 3, fuchasBCdrawnfrom 

che Extremity of it, 
areequal. And theVelocicies acquir- 
ed in the Poinc B are to each other 
as thofe Chords. 

For if CD be let fall perpendicu- 
lar fromC to AB,' firfi , the Time of 
Defcent from A to B, is co cheTime of 
Defcent from D to B, as AB to CB 
(by Prop. 2..) And cheTime frpm 
Dto B, is to rhe Time from C to B; 
as D B to C B (by Prop. 4.) There- 
fore the Time from A co B, is to 
the Time from C to B in the Ra- 
tio compounded of AB to BC and 
DB to BC, or as ABxBD, toBCq.' 
But thefé areequal, and confequencíy 
the Tgjpies of Defcent are equal. 
Whererore, lince the Times of De- 
fine along any Chords are all e- 
qual to cheTime of Defcent chrough 
the Diameter; they are alfo equal 
to each other. Secondly , The Velo- 
city acquired in falling from D to B, 
and from C to B, is the fame; ( by 
?rop. 4.) Naw chis Latcer, is to 


the Velocity acquired in falling from 
A to B, as C R to A B (by Prop. 2.) 
Therefore &c. Q¿E. D. 

Coroll, 

Henee wefee theReafon, why the 
Times of the Vibrations of a Pendu- 
lum deícribing very fmall Arches of 
a Circle, are very nearly equal; for 
thofe Arches differ very litele from 
their Chords, either in Length or 
PoGcion. 

Prop. VI. 

If a heavy Pody defeends from any 
Altitude rhrough neverfo manyeon- 
tiguous Planes of any 
Sorc, and any Inclina- Tab. XXI. 
cion whatfoever A B, Fig. 4. 

B C, CD,' it will ac- 
quire the fame Velocity a t the laft, as 
it would acquirein falling perpendi- 
cularly from che fame Height. 

Lee AF, DG, be drawn parallel ro 
the Horizon; lee CB, DC be produ- 
ced cill they meec AF inthePointsE 
and F, and lee the perpendicular FG 
beletfall. 

The heavy Hody in falling from 
A to B, will acquire che fame Velo- 
cicy, as if it had cometo B along EB, 
(by Prop. 4.) Wherefore, fmee the 
turni ng out of irs Courfe at B is fup- 
pofed no Way to hinder its Mocion, 
it will have che fame Velocity in C, 
as if it had defeended along EC; 
that is, as if it had deícended-^long 
CF, (by Prop. 4.) Therefore i t will 
have the fame Velocity in D as ir it* 
had defeended along FD : Ana thiS 
is equal to that which it would have 
had in falling perpendicularly along 
FG, (¿y Prop. 4.) Therefore &c. 
Q. E. D. 

Coroll, 

< . ■ •. 

A heavy *Body defeending in any 
Curve, will acquire the fame Veloci- 
ty as it would acquire in fdling from 
-che fame perpendicular Height; for 
a Curve maybelooked upon as com- 
pofed of an infiniceNumber of ílralghc 
Lines, 
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Frop, 
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or becáufe it having acquired as mucb Motion downwards 
as the fubtle Matter itfelf, which caufes it to deícend, 

has 


Prop. VII. 

If the Inclinarion of any Number 
of contiguous Planes 
Tab. XXI. whatfbever, AB, B C, 
Fig. 4. j. CD; a b, b c, c d, 
be in the lame,' and 
the Ratio of their Lengrhs be the 
Parné; the Times in which rhey will 
be run through by a heavy’Body, will 
He in a íub- duplícate Ratio of thofe 
Léngths taken together. ( 

Lee A F, a f , be drawn parallel to 
the Horizon; and let BC, CD; b c, 
cd, be produced till chey meec A F, 
a«f, in E and F, e and f. It is evi- 
dent, by the HypothéGs, thát BE has 
the fame Ratio co b e, and CE to ce/ 
and DF to df,* as AB has to ab or 
BC to be, or CD to e d ; and alio as 
AB -P BC 4- CD has toab-f- be 4- cd. * 
Now becaufeoftheequal AnglesBAE, 
bae, the Times of che Defcents along 
AB, ab, will be in a fub-duplicate 
Ratio of AB to a b , ( byPrap . 2.) and 
the Velociries in the Points B and b 
•will be in the fame as Would have 
been acquired in falling along EB eb 
(by Prop. 4.) If therefore the Moti- 
on be continued, che Spaces BC be,’ 
will be run through in the fame 
Times as if che heavy ‘Body had begun 
to fíill from che Points E e. But the 
Times of the Defcents as well thro* 
EB, eb, as through EC, ec, are in 
a fub-duplicate Ratio of thofe Lines, 
that is, in a fub-duplicace Ratio of 
AB to ab. Therefore (by Divijton) 
the Times along BC, be, afeer having 
fallen along AB, ab, are ¡n che fame 
Ratio. And therefore (by Compofítion) 
ahe times along AB + BC +CD, 
a b + b c 4- cd, are in the fame Ra- 
tio alfo. In the fame manner may 
it be demonftrated that the Times of 
paíHng through AB + BC + GD, 
ab 4- be 4- cd, are in the fame Ra- 
tio of AB to ab, or of AB + BC 4- 
CD, to ab 4- be 4- cd, and fo on for 
ever, let the Number of Planes be 
never fo many . Therefore &c. Q^E . D. 

Cor olí, 1.' 

The Times in which a heavyBody 
íuns through fimilar Parts of Curves 
whofe Poütion is the fame, are in a 


fub-duplicate Ratio of thofe Parts. 
For thofe Parts of Curves may be 
looked upo'n as compofed of an in- 
finite Number of ílraight Lines whofe 
Ratio is given, and their Inclinación 
to each ochér Similar. 

Cor olí. 2. 

• • - 1. • : 

The Times in which Pendulums 
defen bing fimilar Arches of Circle* 
vibrate, aré in a fub-duplicate Ratio 
of the Lengths of the Threadsj for 
thefe Threads or Radius’s of-£ircles 
are in the fame Ratio as their fimi- 
lar Arches. And the fame holdscrué 
though the Arches be not fimilar, 
provided they be very fmall, ( by- 
Coroll. Prop* V.) 

The folloroing Propojiticns rnny alfo 
be ver y proper/y aáded in this Place, 

Of the Motion of Troje Eli les. 

The fame Law of Gravity being 
fuppofed as before, and that there is 
no ReGílance from che Médium, 
and that heavy Bodies defeend per- 
pendicularly to a given horizontal 
Plañe,’ .(which HypotheGs, becaufe 
of che lmall Spaces through which 
Bodies are projeéled, compared with 
che Earth’s Circumference , differs 
very infenfibly from the Truth) the 
Affe&ions of the Motion of Projec- 
tiles may eafily be demonílrated. 

Prop. VIII. 

If a Body goes along with a com- 
pound Motion, confifting ofanequá- 
ble Motion in a ílraight -Line given 
in Pofition, and of the Motion ari- 
Gng from the Forcé of Gravity: It 
will deferibe a parabohek Curve, 
which the llraightLine given inPo- 
Gtion, will touch in chePoincjwhere 
the Body begins to move, anc®l the 
Diameters of this Curve will be per- 
pendicular to the Horizon. 

Let the Body be moved from 
the Point P, with an equable Motion 
according to the Direítion of the 

I Line PL given in Poficion ; and at 
the fame Time let it be drawn 
downwards by ics own Gravity, ac- 
cording 


7 


Chap. 28. of Natural Philosophy. 

has upwards; there remains nothing that can give itany 
new Degrees of Motion which rníg.ht increafe its Ce- 
lerity. 

18. Laflh' 


cording to the Dire&ion of PG, 
perpendicular co che 
Tab. XXIII. Horizon P H. Now 
Fig. 1. frnce neicher of tKefe 

Mocions hinder che 
ocher fo, buc thac che BoJy may go 
on according co che Dire&ion of che 
Line P L in che fame manner, a? 
if che Forcé of Gravicy did noc a6fc 
ac all; and thac ic may likewife de- , 
fcend according to che Direflion of 
the Line P.G in che fame manner 
as if ic had noc been impelied by 
che proje&ile Mocion : If che Body 
moves through the Spaces PL, P 1 
wich an equable Mocion, in rhe 
fame Times as they willfall through 
the Spaces PG, Pg,' ic is manifefl, 
thac if GV gv be drawn parallel 
ro PL, and LV, lv, parallel co 
P G, cill chey meet each ocher in che 
Poincs V, v, the Body will be found 
ac che End of chofe Times in the 
Poincs V, v: Now becaufe in the 
Mocion along che Line PL is equa- 
ble, P L, Pl, will be to each ocher 
as the Times in which they are paf- 
fed through; buc PG will be co Pg 
as the Squares of chofe Times, ( by 
Prop. 2.) PG chereforeor LV, is co 
P g or 1 v, as P L q : co P 1 q,: All che 
Poincs V v, therefore are in a para- 
bolick Curve, which PL touches in 
the Poinc P, and all the Diamecers 
of which are parallel to PG, thac 
is, perpendicular to che Horizon, 
Q;_E. D. 

When I mención hereafter the Pa- 
ramecer fingly, you are co ünderftand 
thac Parameter which belongs cochac 
Poinc in che Curve defcribed from 
whence che Projeflion is made. 

Prop. IX. 

The Velocity with which the Bo- 
dy is proje&ed along 
Tab. XXIII. the Line PL, is equal 
Fig. i. ro thac which icwoiild 

acquire in fallingchro’ 
a fourth Pare of the Paramecer. 

A Body wich an equable Motion 
pafíes through che Space P 1 , in the 
Jame Time chae ic falls through the 
Space. 1 v. Now if P 1 be taken equal 

to half the Parameter j lv will be , 


equal to h:df Pl. Now the Velocity 
acquired i.nfalling through lv is fych 
chatdoubl.e che Space lv, thac is, the 
Space Pl wou.ld be run through in che 
Time of ics Fall ( by Prop. 3. ) Buc 
rhe Body by the pro-je&ile Motion 
palles through che lame Space Pl in 
the fame Time. So thac che Velo- 
cicy of che one is equal to the Velo- 
city of the o:her, Q. E. D. 

Cor olí. 1. 

If che Velocity of the proje&ile 
Mocion be the fame, che Paramecer 
will be che fame, whacever che Di- 
reftion of the Proje&ion be. 

Coro!. 2. 

The Velocity of a proje&ed Body 
in any Poinc of che Curve which ic 
deferibes, is the fame as icwould ac- 
quire in falli.ng through a fourth Pare 
of the Paramecer belonging to thac 
Point; and therefore che Velocities 
of ic in differenc Poincs are in a 
fub-duplicace Racio of the Paramerers 
belonging co thofe Poincs, (by Prop. 
2.) For che proje&ed Body may be 
confídered in any Point of the Curve 
defcribed as if ic began ro be moved 
firft in thac Poinc according co the 
Tangent of ic, and afcerwards de- 
fcribed che reí! of the Curve. 

Cor olí. 3. 

The Velocity of a proj’e£led Body 
is leaíl therefore when ic is in che 
Axis of che Curve; and is che fame 
ac equal Di dances from che Axis 
on each Side; and the greacer che 
more remore ic is 
from che Axis : Tab. XXIII, 
And the Velocities Fig. 2. 
of ic in differenc 
Poincs, are to each ocher as the Se- 
cants of che Angles which the Tan- 
genes to thofe Poincs when produced, 
make wich the horizontal Line. For 
lee che flraight Line PL touch che 
Curve in che Poinc P; and mece any 
Diameter VH produced in L, and 
lee P O be an Ordinate from the 
PoincPto che fameDiamecer? which 
G 4 will 
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1 8 . Lajily , In order to determine the Proportion ob- 
ferved by Boches of unequal Weight in their faliing, the 

follow- 


Weight, 


will cherefore make the íáme Angles 
with che horizontal Line PH, as che 
Tangenc oí the Curve in the Point 
V does. Nowif PH be che Radius, 
P L, P O will be che Secanrs of che 
forementioned Angles: And it is 
eáfy co íhew from the conick Se£li- 
ons, thac thefe Secants are co each 
other in a fub-duplicaceRacio of che 
Parameters belonging co che Poincs 
P and V, thac is, (by the preceding 
Cor olí.) as the Velocities of che pro- 
jedled Body in the Poincs P> V. 

Cor olí. 4. 

Lee che proje&ed Body begin co 
move from che Point A, according 
to any Direélion AT : Lee the ho- 
rizontal Line AH be drawn,, and 
AP ere&ed perpendicularly toic, and 
equal to a fourth Part of che Para- 
meter of any Curve to be deferibed 
with a given Forcé. 
Tab. XXIII. On the Diamecer 

Fig. 3. AP Jet the Semi- 

circle A T P be de- 
feribed, cutting che Dire&ion of the 
proje&ed Body inT. From whence 
lee TF be lee fall perpendicular to 
P A. Now fince the proje&ed Body 
can run chrough a Space double to 
- P A with the Velocicy acquired in 
faliing through P A, and in the fame 
Time (by Prop. 3.) and lince this 
Velocity is equal to thac with which 
fhe proje&ed Body goes ouc from 
the Point A: (by Prop. 9. ) If A P 
reprefents the Time of faliing from 
P co A, the projefted Body will be 
carried in the Line of its Dire&ion 
AT through a Space double to AT, 
in the Time reprefented by the Line 
AT, and through a SpacefourTimes 
the Length of AT, in twice the Time 
of AT. Let that Space be AE, and 
from E let the perpendicular EH be 
let fall to the horizontal Line. 
Further , in the Time reprefenced 
by AT the.proje&ed Body will fall 
through .che Space F A (by Prop. 2. ) 
and in the Time reprefented bydou- 
ble AT, ic v/ill fall through four 
Times che Space FA or through the 
Space EH: Thatis,in chefameTime 
thac the Body by i es proje&ile Mo- 
l-ion paffes chrough the Space AE, it 
will fall through che Space EH, and 
4 


fo meec theHorizon; butAH is its 
horizontal Space, and A F the Al ti- 
tude of the Parabola deferibed. 
Whence the following Confe&aries 
flow alfo. 

Coral/, j*. 

The horizontal Spaces deferibed 
by a proje&ed Body with a given 
Forcé, are co each other as the Sines 
of double the Angles which are made 
by their Direftions and the horizon- 
tal Line; And cherefore its greateft 
horizontal Space, is, when that An- 
gle is half a right Angle; and ic is 
equal ro half the Parameter of the 
Curve deferibed j and thefe Spaces 
are equal, when theDireftionsof the 
proje&ed Body differ from a righc 
Angle by equal Angles o n each Side; 
for thefe Spaces are as che Lines FT; 
and, if CT be Radius, FT is the 
Sine of the Angle FCT which is 
double E A H, whence the reíl are 
manifeft. 

CorolL 6 . 

The Altitudes of the Curves de- 
feribed, are to each other, as the 
verfed Sines of the aforefaid Angles, 
for they are equal co the Lines FA, 

Cor olí. 7. 

The Times which a projefted Body 
takes up in deferibing thofe Pares of 
the Curves, which are cucofFby the 
horizontal Line, drawn through the 
Point wher? the projeftion is, are 
co each other as the Sines of che An- 
gles which the Dire«Stions make with 
the horizontal Line; for they are to 
each other as the Lines AT, which 
if P A be Radius, are as rhe Sines of 
the Angles APT, or E API; 

Prop. X. 

The horizontal Dlflance PH, of 
any Point V in the Curve which che 
proje&ed Body de- 
feribes from the Tab. XXIII. 
Point P where the Fig. 2. 
Proje&ion is made ; 
íes perpendicular Diftance frqm the 
Horizon VH¿ and the Angle LPH 
whiefe 
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following Rule isdiligently to be coníidered; vlz. that 
a Body which moves very quick, may inereafe the Ce- 

lerity 


which theDire&ion of che projeéted 
Body makes with the horizontal 
Line, being given; co find the Para- 
meter and the Velocity of the pro- 
je&ile Mocion. 

PI-í and the Angle LPHiieing 
given, PL and LH are given; 
■wherefore becaufe V H is given, V L 

is alfo given ; Therefore the 

Parameter is alfo given. And fince 
the Space which a Body falls rhrough 
in a given Time 3 i s given; viz. i 6 j 
L ondon Feec, in a fecond of Time; 
ic is eafy to colle& from rhe fecond 
Prop. whac the Time of the De- 
fcenc chrough che given Line LV is, 
that is, the Time which the given 
Line PL is run chrough by the pro- 
jeftile Mocion, Q. E. J. 

Prop. XI. 

Let B be a Mark or any given 
Point, let BD be i es perpendicular 
Diftance from the horizontal Plañe, 
and lee G D be the horizontal Di- 
ftance of anocher 
Tab. XXIII. given Point G in the 
Fig. 4, y, famePlane. LecGB 
be joined; and from 
the Point G, let G P be ereóled per- 
pendicular to DGj and lee the An- 
gle B G P be bife&ed, by the ftraight 
Line G N ; Now if che Mark B be 
hic by a Proje&ion made accord- 
ing to any Dire&ion GK ; I fay, that 
the fame Mark B will be hic by a 
Proje&ion madewich thefame Forcé, 
according to anocher Direítion GL, 
which makes che Angle L G N with 
the bifefting Line, equal to the An- 
gle N G IC. Lee the foremencioned 
Direftions meec DB produced, in 
the Poincs K and L. Becaufe the 
Velocity ofehe proje&ed Body, ac- 
cording to the Lines G K, GL. is 
íuppofed co be the fame, the Times 
which it takes up in pafíing chrough 
them> are in the fame Racio as che 
J/mes themfelves; buc the Spaces 
which it falls chrough from the 
Points IC and L, in thofe Times, 
are to each other, as the Squares of 
the Times; (by Prop, 2.) they are 
therefore as G IC q, to G L q. Now 


becaufe of the frailar Triangles 
GKB, LGB; BK is to BG as 
G IC to GL; and B IC to B G as 
BG co BL. Therefore as GKq; 
is to GLq. ío is BK to BL. 
Wherefore fince B by the Hypcth, 
and Prop. 8 ) is the Defcenc of the 
proje&ed Body from the Poinc K> 
in the Time G IC L B will be 
its De'ícent from the Poinc L in 
the Time GL. Therefore (by 
Prop. 8.) the fame Mark B will be 
hic by the Direfilion GL alfo» 
Q. E.D. 

Coroll. I. 

If L IC be bife&ed in F, D F will 
be equal to half che Parameter of the 
Curves deferibed. For che Reftan- 
gle of che Parameter and LB is 
equal co GLq; and the Re&angle 
of the fame Parameter and K B, is 
equal to G Kq. Therefore the Rec- 
cangle of the fame Parameter and 
LIC is equal no GLq; — GKq; 
or DLq — DKq, or to the Rec- 
rangle of D L £ D K, that ís, LK 
inco DL+ D IC. The Parameter 
therefore is equal to DL + DK, 
the half of which is D F. 

Coroll, II. 

The nearer the Dire£ions GK, 
GL }/ are to the Line which bife&s 
the Angle BGP, the lefs is the Forcé 
required tp hit che Mark B; fo thac 
there are no more than two Direc- 
tions, along which the fame Mark 
may be hic with the fame Forcé. 
For let rhe bife&ing Lime meec B D 
produced in N. Now fince the Di- 
re&ions G K, G L, are diftanc from 
G N by equal Angles, ( by Prop. 3. 
Poole VI. of Euclid) ic is evidenc 
thac the Poinc F muft fall higher 
than the Point N, or D F muft be 
greater than DN; and if GL and 
G K approach to G N, the Point F 
ought to come to the Point N, chat 
is, che Parameter will be leífened (by 
the preced. Cor. 2.) and coníéquencly 
the Forcé of the proje&ile Mocion 
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lerity of anotherBody which movesílower, byímpelling 
it forwardwhen it overtakes it; But if we íuppofe itto 

have 


Cornil. III. 

If che Dire&ion of the Forcé with 
which che given Mark B i s hic, be 
the Line GN icfelf, which bifeíts 
the Angle BGP, then rhac Forcé 
is che leaft, and the Dire&ion che 
only one, in which che Mark B can 
fce hic with thac Forcé: And che 
contrary. For when GK, GL, 
coincide with GN, che Poinc F 
will coincide wich N. and D N will 
be half the Paramecer: Then the reft 
will folio w from Prop. XI, and che 
preceding Corollaries. 


Coroll. IVJ 

Henee we fee the Reafon of the 
Mechanical Pra&ice of dire&ing a 
Cannon fo as co hic the Mark wich 
the leaft Forcé. For having fixed 
a plain 'Looking Glafs perpendicular 
to che Bore of che Cannon ; 1 er the 
Cannon be inclined, cill the Eye, 
looking along a Thread hanging 
freely wich a Lead ac che End of ic, 
can fee che Mark refleéted by thac 
pare of che Looking- Glafs over which 
the Leadhangs; Then, ic is evident, 
from the Natnre of Reflexión and the 
preced. Corol. thac you have che Di- 
reólion required. 


Coroll. V. 

The higheft Poincs which can be 
hic with a given Forcé, ac any ho- 
rizontal Diftances, are allof chem in 
the Curve of a Parabola, whofe 
Focus is the Poinc from whence che 
Proje&ions are made ; whofe Axis 
is perpendicular to theHorizon j and 
the Paramecer co che Axis, the fame 
as thac of all Curves deferibed wich 
a given Forcé. 

For lee GPH be 
Tab. XXIV. a Parabola. G che Fo- 
Fig. i . cus, G P. che Axis 

perpendicular co che 
Horizon; the Paramecer to the Axis 
the fame as thac of Curves de-' 
feribed with a given Forcé. Lee any • 
horizontal Diftance GD be calcen,' 
and from che Poinc D 3 .lee che Per* 


pendí cular D B be ere&ed, mee ring 
che Curve in B; I íay, che Poinc B 
is the higheft that cap be hic wich 
a given Forre, ac che Diftance G D; 
or the given Forcé is che leaft thac 
can hic thac Poinc, For if GB be 
drawn, GB + BD will be equal to 
half the Parameter of che Curve de- 
feribed by the leaft Forcé thac B can 
be hit by. For in order to have 
that Forcé hit the Poinc B, the Di- 
re&ion muft bifeft che Angle BG P; 
(by Cor. 3.) then by reafon of rhac 
Angle’s being fo bife&ed, and D B, 
GT, being parallel, 
che Triangle GBN Tab. XXriI. 
Will belfofceles,' nnd Fig. 4, and 5. 
GB + BD equal co 
DN, thac is to half the Parameter ¿ 
as is evident from thac Corollary, 
'Now in che Parabola 
GPH, lee BO be Tab. XXIV. 
an Ordinace co che Fig. 1. 

Axis, and lee che 
Tangenc B T be drawn, meeting the 
Axis produced in T then ( becanfe 
from the Natnre of the Parabola , P O 
and PT, GB and G T, GO and 
D B are equal) GB + DB is equal 
to double G P, that is, (by Conflrufi.) 
equal co half a Param.ecer of the 
Curve c(efcribed by a given Forcé. 
Therefore the given Forcé is the 
leaft by which the Poinc B in che 
Curve of che Parabola GBH can be 
hic: Whence the Thing propofed is 
manifeft. 

V 

Coroll. VI.’ 

If DF be given 

and equal co half Tab. XXIII. 
the Paramecer of the Fig. 4, and y. 
Curves paíling chro’ 
the Poinc B, and from the Point F 
be taken equal Lines, FL, F IC, fo 
as chac GL, GIC being drawn they 
may make equal Angles wirh the 
Line GN, which bife&s the Angle 
BGP; GL and GK will be the 
Dire&ions of Forcé wich which 
chofe Curves paíEng through B will 
be deferibed. 


Prop. 
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I have ncither greater ñor lefs Celerity, than that which it 
’ meetswit'h, it can only go along with, or follow mire 

Fall, 


Prop. XII. 

G D che horizontal 
Tab: XXIV. Diftanceof che Point 
Fig.z and. 3. B, DB che Alcitude, 
and D F half che Pa- 
rameter, being given co find¿ cofind 
rhe Dire&ions required to hic thac 
Poinc. 

Lee che Perpendicular GP be erec- 
ted from che Poinc G co GD; be- 
caufe GD, DB are given, the An- 
gle DGB, and confequently che An- 
gle B G P is given. Lee che Angle 
BGP be bife&ed by the Line GN 
meeting D B produced in N. Now 
| if che Poincs F and N coincide, 
GN will be the Dire&ion foughc 
; (by Cor. 3. Prop. XI.) If the Poinc 
£ N falls above F, che Point B cannoc 
be hic ac all wich a given Parame- 
rer or a given Forcé ( by the Jame 
\ Cor.) Buc if che Poinc N falls below 
F; from the Poinc F let F R be e- 
re£ted perpendicular to D F, meec- 
*' ing GN produced inR; lee che Line 
£ GR be bife&ed in S, and from 
che Poinc S lee S C be erected per- 
s pendicular to GR, meeting FR pro- 
duced in C. On che Cencer C, wich 
che Diftance C R , lee a Circle be 
; deferí bed, cu c ring B D produced co 
¡ K and L> and if GK, GL be drawn, 

' they will be che Dire&ions foughc. 

; For ic is evidenc from che Conftruc 1 
tion, chac F L and F IC are eqnal, 
and thac che Angles LGR, RGK 
are equal alfo; whence rhe reft are 
manifeft from the 6th Corel, of the 
prcced. Prop. Q. E. J. 

The Jame dsmonjlrated another 
Way. From che Poinc F let FC be 
ere&ed perpendicular 
Tab. XX IV, to DF and equal co 
Fig* 4* B G 5 and on che 

Cencer C, wich che 
Diftance BF lee a Circle be deícribed 
cuccing BD produced in che Poinrs 
K and L i Then G IC and G L will 
be rhe Direftions foughc. • 

For CICq — FKq thac is , BFq 
— FICq (by Confirttfíion) is equal co 
C Fq or BGq. Therefore as BF 
— F IC or B K is co BG ,• fo is 
BG co BF •+• FK or B L. therefore 
the Tri angles icbg, LBG areftmi- 
lar j (by Prop. 6. ’Book VI. of Eu - 
, (lid) therefore che Angles 1CGB, 
2, 


B LG are equalj thac is, if GP be 
ereñed perpendicular co GD. the 
Angles KGB, LGP will be equal • 
Therefore if the Angle B G P be bi- 
fe£ted as before by che Line GN, 
the Angles L G N, JSfGIC will be 
equal : Therefore (by Corel. 6. Prop . 
XI.) GK, GL are the Direólions 
foughc. Q^E. J. 


Coroll. I. 


From the former Conftru&ion 
there flows an Arithmetical Rule of 
folving the fame Pro- , VVlTr 
m; viz. putting S P b - xx ] v - 
the Sign of . che ^ig. 2. andj. 


blem; viz. putting S 
for the Sign of. th_ 
given Angle BGP, and 
V for its verfed Sine ; V 


GD 


DF 

will be equal to the verfed Sine of 
the Difference of Elevacions, or 
of the Angle L G K. The half of 
which Angle, if it be, added to and 
fubSrafled from the given Angle 
DGR or half its Supplement, to 
two Righc: Angles BGP, the Sum 
and the (Difference will be D G L, 
DGK the Angles foughc. 

For D F or GP is che Sine of che 
Arch RICG, chat is, of double the 
Angle R C 3 ; thac is. (becaufe of 
the common Complemeni P R G) of 
double the Angle P G R, or (by Crn- 
flruCl.) the Angle P G B. And P R 
is the verfed Sine of the fame An- 
gle,' and PR — PF the verfed Sine 
of the Arch ICR or of the Angle 
LGK. And ir will eaíiiy appear 
thac the Angle R G D is half che 
Supplement of BGP to two Righc 
Angles. Whence the Reafon of the 
Rule is evident. ■' 


Coroll. II. 


From the fame Conílruflrion flows 
alfo another Arithmetick Rule, by 
which G D, the Angle BGP, and \ 
either of the Elevacions DGK or 
D G L, being given, theParameceris 
found ; for if B G P is given, R G D 
is given alfo; from whence DGK 
or DGL being given, RGIC is 
given. Let v be che verfed Sine of 
S 

double RGK, and -GD, will 

V— v 

be 


\ 
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Fall, without making ít move fafter than it did before* 
Thus for Inítance, If two Men of equal Bignefs íhould 

join 


be equal co half cheParameter. The 
Reafon of this Rule is che fame as 
the former. 

Another Way. R G D and one of 
the Elevations being given, the o- 
ther of them is 
Tab. XXIV. given. Wherefore 
Fig. 2. and 3. as the Radius is to 
half the Sum, in 
one Cale» and half the Difference 
in the ocher Cafe of the Tangents 
of the given Elevations; fo is GD to 
half the Parameter. For DF, orhalf 
the Parameter is equal to DL di. DK 
ly Cor. 1. Prop. XI. 2 

Concerning this whole Matter> 
fee the famous Dr. HaUey’t Diser- 
tación, in the Philofophital Tranfac- 
iions-j and the learned Dr. Ifeil’s 
Phyjtcks, where you will find molí 
of thefe Things largely demonílra- 
ted in another Way. 

Of heavy Bodiet falling in a 
Cychid. 

The Propofitions concerning the 
Defcent of Bodiet in a Cycloid firíl 
found out and demonílrated, by the 
famous Mr. Huyera, which depend 
upon the forementioned Law of 
Graviry; may very conveniently be 
added in this Place. 


Lemma I. 

Let there be a Circle deferibed on 
the Diameter AC, which is cut at 
right Angles by D E ; 
Tab. XXV. from the Point of 
Fig. 1. the Diameter A, lee 
the ñraight Line AB 
be drawn , meeting the Circum- 
ference in B, and DE in F, and lee 
AB be joined. I fay, AB, AD, AF 
are continual Proportionals. 

For if BD be drawn; the Trian- 
glesADB, ADF, are ümiliar, becaufe 
the Angle A is common, and the 
Angles ABD, ADF, are equal, be- 
caufe they (land upon equal Arches 
AD, AE. Whence the Propoficion 
;s evident. 


Lemma II. 


Let there be any Curve A H con- 
cave on one Side, and let A G be a 
Tangenttoitin the Point A, LetAD 
be a ftraight Line, 
any ways inclined to Tab. XXV, 
this Tangenr, and Fig. 2. 
let B C, parallel to 
AD, cut the Curve in B, and the 
Tangent in C. I fay, if the Arch 
AB beinfinitely fmall, that Arch 
and the Part of the Tangent, incer- 
cepted between the Parallels A D, 
BC, may be loolted upon as equal 
and coinciden!, and may therefore 
be put for each other. 

Let another ílraight Line touch 
the Curve in the Point B alfo, 
which meeting the other in E, lee 
it be any ways produced, let FG 
be drawn parallel to B C, meeting I 
each Tangent produced in thePoinrs 
F and G ; and let A B, the Subtenfa 
of the Arch be drawn. 

It is manifefl ; that the Subtenfe 
A B is always lefs than the Arch, 
and the Sum of the Tangents AE, 

E B, is greater ; now if the Poinc 
B be conceived to approach to A, 
and during that Motion the Line 
BC is carried always parallel to it 
felf ; it is manifeñ that the Angle 
BEC will be perpetually diminilh’d, 
ri II ¡t becomes lefs than any given 
Angle whatfoever ; and by that 
Means the poinc F will approach 
nearer to G than any given Dif- 
tance whatfoever, and therefore the 
Lines E F, E G, will be nearer co 
Equality than any given Difference, 
whatfoever : That is, E F and EG 
may at laíl be accounted as equal. 
Therefore EB and EC (whofe Racio 
to each other is the fame as E F 
to EG, becattfe of the Jimtlar Triang- 
les EBC, EFG) and alfo AE-t-EB 
and AC (AE being added to each 
of them) may be eñeemed equal 
likewife. In the fame manner, 
may it be íhewn alfo, that the 
ílraight Lines AB, AC, when the 


join Hands and leap together from theTop of aBridge 
into the River j we have no Reafon to think that they 

would 


Point B approaches to A\ may at 
laft be accounted equal alío^ And 
imich more therefore may the infi- 
nicely fmall Arch AB, which i s 
of an intermedíate Magnitude be- 
twixt the Subcenfe A B , and the 
Sum of che Tangents AE, EB, and 
the Tangents AC be accounted 
equal. 

That thé infinitely fmall Arch and 
the Tangenc may be looked upon as 
coinciding, is evident from henee j 
that from the Nature of Curvacure, 
there can be no ftraighc Line drawn 
becween the Tangenc and che Curve 
at the Point of Concaéfc. 


Prop. I. 

Let ABC be a Se' 
Tab. XXV. micycloid deferibed by 
Fig. 3. the generacing Circle 
AVD; Lee i ts Vér- 
tex A be turned downwards, and ¡es 
Axis AD be ere&ed perpendicular 
to the Horizon. Let any Point B 
be taken in ic, and the flraighc 
Line B I be drawn downwards from 
chence touching the Cycloid in B, 
and terminated by the horizontal 
ftraighc Line AI: Lee the ftraighc 
Line FB be alfo drawn perpendicu- 
lar to the Axis j and on theDiame- 
ter AF lee the Semicircle AFH 
be deferibed. Then through any 
Point M in the Curve B A, lee che 
fíraight Line M S be drawn parallel 
to B F, which will meet the Circle 
AHF in H, and its Diameter in S. 
Lee alfo flraighc Lines be drawn 
touching each Curve in the Points 
M and H. And lee MN.HT, be 
Parts of thofe Tangents incercepted 
becween the two horizontal Lines 
MS, NR-; and let OPa Pare of the 
Tangenc BI» and SR a Part of che 
Axis DA, be iricluded becween the 
fame Parallels. 

ThefeThings being fo; I fay, che 
Time in which a heavy Body will 
run through che flraighc Line M N 
wich an equable Celericy, fuch as is 
acquired in falling through che Arch 
of che Cycloid B M ; is to che Time 
thac the ftraighc Line O P would 


be run through with an equable 
Celericy, fuch as half thac which 
is required in faUing through the 
whole Tangent Bis as the Tangenc 
HT, is to the Pare of the Axis 
SR. 


De ’MonJí. 


From the Point A to the Points 
V and L, in which che Parallels 
BF, MS cuc the generacing Circle> 
let the flraighc Lines A V, AL be 
drawn cuccing the Parallels MS/NR 
in the Points IC, E, G; lee AH and 
F H be joined, and the Radius Q_H 
of the Circle AFH be drawn. 

Now becaufe the Spaces run chro* 
with an equable Motion, are in the 
Ratio compounded of the Times 
and che Velocicies with which they 
are run through ; it follows, thac 
the Times are no each other in a 
Ratio compounded of thac of che 
Spaces dire&ly and the Velocicies 
inverfely. The Time therefore of 
running through MN, to the Time 
of running through OP, is in a 
Ratio compounded, of the Ratio of 
MN to OP, and of the Ratio of 
half the Celericy acquired by falling 
through AF; to the Celerity ac- 
quired by falling through F S ( by 
the Hypoth. and by Prop. IV. and 
Coroll. Prop. VI. abóte, concerning the 
Defcent of heavy Bodies :) Now the 
whole Velocity acquired in falling 
from F to A, is to the Velocity 
acquired in falling from F to S, as 
F A to FH. ( byProp . 31. 3 ook III; 
and Prop . 8. 3 00 fe VI. of Euclid; 
and Prop. II. above, concerning the 
Defcent of heavy Bodies.) Half che 
Velocity therefore, acquired in fal- 
ling from F to A, is to che Velocity 
acquired from F to S, as F Q_ cu 
FH. The Ratio therefore of the 
foremencioned Times, is compound- 
ed of the Ratio's of MN to OP, 
and F Q to FH, Buc.(£y the Na- 
ture of the Cycloid ) B I is parallel to 
AV, and MN to AL, and there- 
fore G L and IC E are equal ro M N, 
OP. 
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would fall quicker becaufe they are thus joined together, 
than if they had leaped in feparately. This being fuppofed 

írnce 


OP. Wherefore the forementioned 
Racio, i s compounded of the Racio 
of GL to KE, and F Q_ to FH. 
Buc G L i s to E IC, as A L to AE, 
that is, as AV t o A L , ( by Lrm. i.) 
that is, as ’/AFxAD co ^ASxAD, 
thac is, as ^AF to ^AS, that is 
as AF to Ah, that is, as FH to 
H S. The Ratio of the foremention- 
ed Times therefore, is compounded 
of the Racio’s of F H to H S, and 
FQ_to F H, that is, the Times are 
to each other as FQ^or Q_H to 
HS. But it may ealily be mad.e 
appear from Prop. 18. Sook III. and 
Prep. 2.. and 8. "Book VI. of Elidid 
that QH is to HS, as HT to SR. 
The Times therefore of moving 
through M N, O P, with the fore- 
mentioned Celerities, are to each other 
asHTcoSR. Q.-E.D. 


Prop. II. 

Süppofe the Pofition of the Cy- 
cloid; the Line BF, AF, BI, AI; 
and the Semi - circle F H A i the 
fame as in che foregoing Propofici- 
on: I fay, the Time of moving 
•through rhe Tangept BI with the 
equable Celerity of half that which 
is acquired in falling 
Tab. XXV. through B I, is to the 
Fig. 4. Timeof Defcenc thro’ 
the Arch of the Cy- 
cloid EA, as the Diameter of the 
Circle, is co .half its Periphery. 


DcmonJ ?. 

Suppofe as many parallel Lines 
as yon pleafe, equidiftanc from each 
other to be drawn between F B and 
AI, which will cut the Line FA 
in Si R, &c; the Circle in H, i, 
8cc. and the Cycloid in M, r, &c. 
its Tangent B 1 in O, P, &c. And 
from the Points where each of 
them inrerfeft rhe Circle and rhc : 
Cycloid, lee rhe Tangents ro each; 
Curve, HT, MN, i k. rs, be drawn 
to the following Parallel, as in the 
Figure. 


The Time of moving through 
OP equably with half the Celerity | 
acquired in falling through BI, is 
to the Time of moving through 
M iNV equably with rhe Celerity ac- 
quired in falling through che Arch 
of che Cycloid B M ; as S R to HT ; 
And the Time of moving through 
PQ_with the fame Celerity as through 
O P ; is to the Time of moving 
through r f with rhe Celerity acqui- 
red in falling through the Arch of 
rhe Cycloid B r, as R E to i k, and 
fo on, (by the preced. Prop.) 
Therefore lince every one of the 
equal Times of the equable Mo- 
cions, through the equal Lines OP, 
{by Conflrnft.) are referred 
to lo many other Times of Motion, 
viz. through rhe Tangents of che Cy- 
cloid MN, r f, 8cc. in the fame 
Proporción, as che equal Lines. SR» 
RE are each of them referred to 
the Tangents of the Circle HT, ik 
Scc. The Sum of the former | 
Trines will be to the Sum of the 
larcer Times; as the Sum of the 
former Lines to the .Sum of the 
latrer Lines. Lee therefore rhe 
Number of the parallel Lines lying 
between F B and Al be infinite, 
and lee the Tangents co each Curve 
be drawn in the fame Manner as 
beforej and the Proporción will 
continué che fame. And as by rhis 
Me.rns rhe Sum of the Tangents 
of che Circle will coincide with 
ics Semiperiphery FHA, and 
the Sum of the Tangents of the 
Cycloid will coincide with its 
Arch BA; and the Motion through 
che infinirely fmall Arch of the 
Cycloid contained becwixc the cwo 
contiguous Parallels, may be coñ- 
ceived co be the fame as that which 
was fuppofed through the Tangents : 
¡by Lem. 2.) Ic follows; thac the 
Time of Defcenc through BI with 
che forementioned Celerity, is co 
the Time of Defcenc through the 
Arch of the Cycloid B A ; as the 
Diameter F A is to its Semiperi" 
phery FHA, Q. E. D. 


Prop* 
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fince it is certain that the different Parts of a heavy 
Body, are as fo man y liinilar Bodies, none of which 

have 


Prop. III. 

In a Cycloid whofe Axis is per- 
pendicular co the Horizon , and 
whofe Vertex is turned downwards; 
the Time in which a heavy Body 
let fall from any Poinc of it, will 
arrive at the Vertex, is to che Timé 
in which it would fall through the 
Axis of the Cycloid, as. half the 
Circumference of che Circle, is coche 
Diameter: And therefore theTimes 
in which a heavy Body lee fall 
from any Points whatfoever will 
arrive at the Vertex? aré equal toeach 
other. 

Lee ABiC be a Cycloid, A the 
Vertex turned downwards, A D the 
Axis perpendicular to che Horizon ; 
And Jet a heavy Body be let fall 
from any Poinc B; Let BI be a 
Tangent' coche Poinc 
'J’ab. XXV. B, meeting the ho- 
Fig. 3. rizonral Line AI in 

I ; and from che fame 
Point B, let the Line BV be drawn 
parallel ro C D, meeting the genera- 
ring Circle in V, and let AV be 
joined. 

The Time of Defcent through 
the Arch of the Cycloid BA, is 
to the Time'of Defcenc in the 
Tangent BI with an equable Cele- 
rity equal to half that which it 
would acquire in falling through 
B I ; as half the Periphery of che 
Circle, is to che Diameter ( by the 
preced. Prop . ) But the Time of 
Defcent tlwough B I? is equal to the 
Time of*its Defcenc by a natural 
Acceleration along the fame B I, ( by 
Prop . III. of the Defctnt of heavy 
'Bodies) or along VA, which is 
parallel and equal to BI: (by the 
N ature of the Cycloid . ) And the 
Time of Defcenc along VA, is 
equal to theTime of Defcenc along 
DA; (by prop. V. of the Defcent of 
heavy Bodies.) Therefore che Time 
of Defcent along the Arch B A, is 
to the T¡me of Defcenc througl! the 
Axis DA; as half che Periphery of 
che Circle, is co che Diameter. 

And fince the Time of falling 
through the Axis is given ; and has 
the fame Proporción co the Times 
of Defcent through any Arches of 
the Cycloid co che Vertex, it is 


evident that all thofe Times of De- 
feending muft be equal to each other. 
Q. E. D. 

** 

Cor olí. 

' It is manifeft, that when th<? 
heavy Body comes at the Vertex? 
i es Motion continuingj it muíl in 
afeending deferibe an Arch of che 
Cycloid in the fame Time, equal 
co that deferibed in defcendin'g; So 
that the Time of its.whole Moci- 
ón, will be to the Time of íes De- 
fcenc through the Axis, as the Cir- 
Otimferencé of a Circle to the Dia- 
mécer. See Hugens’s Horol. Ofcil. Part 
II. from Prop. 16. te the End of that 
Part. 

The Ecjualíty of the Times in 
which a heavy Body, lee go from 
any Poinc of a Cycloid? comes to 
the Vertex of it, may alfo be de- 
moníirated in the following Man* 
ner. 

Lee a Body be impelled in rífe 
Line AC, towards the Center G, 
with an accelerative Forcé, which 
is every where as the 
Diílance from C. I Tab. XXVI.' 
fay, that from whac Fig. 1. 

Poinc foever of the 
Line AC, the heavy Body is let fall, 
i c will come to the Center C in the 
fame Time. 

Suppofe any Line ac unequal to 
AC; and lee either of them, as AC 
be divided ínco as many equal Parts 
as you will, AB, BG, GC: Lee 
the other Line ac be divided into 
as many equal Parts, a b, bg, ge. 
Let us imagine the fuppofed Forcé 
to a£t only in the Beginnings of 
thefe Parts, fo that each of them 
may be run through with an cqua- 
ble Motion. And lee, two Bodies, 
impelled by that Forcé 1 , begin co be 
moved togecher, from che Points A, 
a, towards C, c. Now becaufe the 
Celericies with which rhe Parts 
AB, ab, are run through, are as 
the Forces with which the Bodies 
are impelled in the Points A, a; 
And thefe Forces are to each other 
( by the Hypoth . ) as A C to a c, or 
asABcoab; Therefore A B. ab, 
will be run through in rhe fame 
Time. Let che accelerative Forcé 
act 


Yiz 
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have moreTendency todefcend quicker than theother; 
we muft conclude that they will all defcend together with 

the 


afl: again with a fecond Impulfe 
in the Points B, b: And becaufe 
the Increments cf the Celerities are 
proporcionable to the Impulfes> or 
to the acceleracive Forces, thac is, 
to the Lines, BC, be; ( by the Hy- 
poth.) or to AC, ac; or to the Ce- 
lemíes generated by the firíl Im- 
pulfe, the wholé Celerities after the 
lee ond Impulfe, will be proportion- 
able to the Celerities after the firíi 
Impulfe; therefore the Lines B G, 
b g, equal in Proporción to the 
former, will be run tbrough in che 
fame Time. For the fame Reafon 
the Lines GC, ge, will berunchro* 
in the fame Time, after che third 
Impulfe. Let the Number of equal 
Pares i n the Lines A C, ac, be in- 
creafed infinicely, and confequently 
their Magnitude diminiíhed in the 
fame Manner; fo that the Bodies 
may be continually impelled by the 
fuppofed Law of Acceleracion ; and 
the fame Reafoning will hold good. 
Wherefore in chis Cafe, the Times 
of Defcent chrough AC, ac, are 
equal. Now lee ABC 
Tab. XXVI, be a Cycloid, whofe 
Fig. 2. Axis AD is perpendi- 
cular to che Horizon, 
its VertexA turned downwards, and 
the generacing Circle AHD. Lee 
the heavyBody be placed in anyPoinc 
of it, as B; and let BG be drawn 
perpendicular to che Horizon, B F a 
Tangenc to the Cycloid in the Poinc 
B, and F G a perpendicular to che 
Tangenc; ío as that they may form 
the Triangle B G F. Lee che Forcé 
of Gravity, whofe Direítion is ac- 
cording to the Line BG, be reíolv- 
ed into two ocher Forces BF, FG; 
of which two Forces* ic is the Forcé 
BF only by which che heavy Body 
is impelled in thePoinc B todefcend 
in the Cycloid; the other Forcé FG 
is caken ofF by che Refiftance of the 
Tangenc or Curve. Now if BH be 
drawn parallel to C D, and meec the 
generacing Circle in H and AH, 
BH bejoined; then becaufeB.F is 
parallel to AH (by the Natn^e of 
the Cycloid ) and B G parallel to D A | 
( by Conflrntt . ) and the Angles F 
and H Righc Angles, therefore che 
Triangles BFG, AHD, are Gmi- 
2 ar. Wherefore, as B F is to B G ; 


that is, as the Forcé with which 
che heavy Body is impelled in B, 
is to the Forcé of Gravity; fo is 
HA, to AD. Wherefore becaufe 
che Forcé of Gravity is given; che 
Forces with which, the heavy Body 
is impelled in every Point of the 
Curve, are to each other, as the 
Lines AH, thac is, as the Arches 
of the Cycloid AB, which (by the 
N ature of the Cycloid ) are double 
rhe Lines A H. The Forces there- 
fore with which a heavy Body 
defeending through the Arch of a 
Cycloid, is impelled, are as its 
Di flanees from the Vertex A. 
Wherefore from what Poinc foever 
ic is let fall in ic, ic will come 
to the Vertex in the fame Time. 
Q. E. D. 

Prop. IV. A Problenu 

To make the Vibrationsof a given 
Pendulum to be all performed in the 
fameTime; or to make a Pendulum 
vibrare in a Cycloid. 

Let C F the given Length of a 
Pendulum, be perpendicular to che 
Horizon; which being bife&ed in G, 
and D CI drawn perpendicular to ic 
through C; lee two Semi-cycloids 
be defcribed from the 
Poinc C, by a gene- Tab. XXVI. 
rating Circle, whofe Fig. 3. 
Diameter is CG, and 
lee their Bafes be CD, CI, and their 
Vertexes A, N. Let AN be join- 
ed, which will be parallel and equal 
co DI, and will therefore be the 
Bafe of a whole Cycloid deferibed 
by che fame generacing Circle as CB A, 
CN. Lee chis Cycloid be AFN. 
Now if a heavy Body be hanged in 
F upon a Thread C F or any fuch 
Thing which will bend ; and fo ofcil- 
lare upon the Center C becween che 
Semicycloids, CBA, CN, rhacwhen- 
ever ic moves from che Perpendicu- 
lar, rhe upper Pare of the Thread 
ma^bend upon thac Cycloid towards 
which the Moción is made, and cha 
remaining Pare which is noc appliecl 
co the Cycloid, be ílrecched out in a 
flraight Line; I fay, the heavy Body 
will always be found in the Cycloid 
AFN. 

N Dtmmfl, 
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the fame Celerity that any one of them would : Frora 
whence ic evideutly follows ; that a heavy Body of a 


Dcmonjlration . 

Lee the generating Circle of the 
Cycloid ÁFN be deferibed on the 
Axis GF¿ and from the Point E 
where the heav.v Body is, when re- 
moved from che perpendicular, lee 
EL bedrawn parallel to AG, meec- 
ing that Circle in L, and lee GL be 
joined. From che Point B, (in which 
the Thread E B couches che Cycloid 
C B A, theremaining Pare being bent 
upon cheArch CBJlecBH bedrawn 
parallel co AG alio, meecing the 
generacing Circle AHD in H 3 and 
lee AH be joined. 

The whole Length of the Thread 
C B E, is equal to cwice AD¿ (by Con- 
Jirnélion . ) Therefore in is equal to the 
Semicycloid CBAj (by the Natnre 
of the Cycloid) and the part of the 
Thread C B is equal to che Arch CB, 
to which itis applied: Therefore the 
remainingparc of ic B E, is equal to the 
remaining Arch BA, and is there- 
fore equal co cwice the ílraighc Line 
AH3 (by the Nature of the Cycloid) 
Ic alfo couches che Cycloid in B 3 
therefore (¿y the Natnre cf tfk Cycloid) 
ic isükewife parallel toAH,' There- 
fore AH and BK are equal, and there- 
fore BK and ICE are equal alío: 
Therefore che parallels E L and 
BH are equally di flan t from AGj 
Therefore chey cut off equal Arches 
of the generacing Circles, w'z. GL 
equal to A H and L F equal to HD : 
Therefore G L and A H are parallel 3 
and therefore G L and K E are paral- 
leí; and therefore EL is equal co 
K G. Buc KG ( becanfe of the paral- 
áis HA, KfB, and by the Natnre of 
the Cycloid) is equal co che Arch PID, 
chatis, coche Arch LF 3 therefore EL 
is alfo equal co cheArch LF3 There- 
fore (by the Natnre of the Cycloid ) the 
Point E isincheCycloidAFN.QJL.D. 

Cor oí/. í t 

Since it appears that the Extremity 
E, of a Pendulum vibracing between 
the cwo CycloidsC A,CN, deferibes 
the Cycloid AFN equal co eicher of 
them i and from irsíodeferibing ic, ic 
ismanifeíí, that che very fmall pares of 
the Curve caken on each Side the Vér- 
tex F, do nearly coincide wich very 
Imall pares of che Circle caken on each 
Side che fame PointE; Henee ic fol- 

Vol, 1L 


lows, that che Times of che fmalleít 
Vibra tions of aPendulum ofcillating in 
a Circle, are alfo very nearly equal co 
each ocheri and have very nearly che 
fame Raeio co the Time of che perpen- 
dicular Fall through haíf the Length of 
the Pendulum 3 as che Circumference 
of a Circle has co ics Diamecer. 

Coroll. 2. 

Henee alfo appearsa Methodofdecer- 
mining the Space thro* which a heavy 
Body runs, infallingperpendicularly, 
inagiveñ Time. FortheRatioofthe 
Time ofoneOfcillation, coche Time 
of thcFall through half the Length of 
che Pendulum, is given. By finding 
therefore the Time in which a Pendu- 
lum of any given Length per'forms a 
fingle Vibración 3 rheTime offalling 
chrough half che Length of the fame 
Pendulum, is given. Whence (by Prop, 
II. ofthe Dtfcent of heavy “Bodies) che 
Space whi ch i c will run thro’ by fall i ng, 
i ri añy o ther given Time, is collected, 

Coroll. g. 

Henee alfo may be found a Metfio'd 
of determining an univerfaland per- 
petual Meafure of Magnitudes. For 
cheLawof Gravitación, upon which 
the foregoing Propoficions depend, 
being allowed3 a Pendulum of che 
fame Length, will always and in all 
Places, perform fome certain Num- 
ber of Vibrations, in a given Time. 
This Length therefore may be made 
an univerfal and perpetual Meafure, 
becaufe ic can always bedetermined by 
Exper'iments. Whence ic follows, thac 
having oncedecermin’d theProporcion 
which th eMeafures ofthe Magnitudes , 
in any Nación, bears to rhac Length' 3 
whac theQuantityof thofe Meafures is, 
iseafily know ac any time, Now the 
Length of thac Pendulum may be 
derermined, by obferving how many 
Oícillacions, in thac given Time,ano- 
cher Pendulum of any Length, per- 
forrns. Eor the LengthsofPendulums 
are ro each other,as theSquaresof che 
Times in which a (ingle O'fcillationis 
made,' (by Prop. III. preced. andProp. 

II. of the Drfcent of heavy Bodits) and 

I therefore chey are reciprocally as che 
Squareof the Numberof Ofctllacions 
madein theíiimeTime. SeeHttgenins s 
Horol. Ofcil . Par. 4. Prop.xy. and 26, 

H huijdred 
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hundred poundWeight, for E'xample, will not defcend 
quickerthan another Body which weighs butonePound; 
or that if there be any difference, it is imperceptible. 
And this is confirmed by Experience, contrary to the 
Opinión of Ariftotle and a great many other Philofo- 
phers, who were perfuaded, that the heavier a Body is, 
the quicker in Proportion does it fall. 


CHAP. theLaft. 

Of the Flux and Reflux of the Sea. 


1 . What is 
meant by the 
Flux and 
Rejlitx of the 
Sea. 

2.. That the 
Sea fiows 
about Six 
Hours abont 
the Coafi of 
France, 


3. That the 
Sea ebbs for 
the fameSpace 
of Time . 


T HAT which we cali the Flux and Refluí ofthe 
Sea, is a particular Motion of its Waters, which 
is foundto be regular andcertain, though the Time and 
Manner is not the fame in all Seas. 

2. We obferve upon the Coafls of France , that the 
Water of the Sea runs at certain Times from South to 
North ; which Motion is called the Flux of the Sea ; 
it continúes about Six Hours, during which Time, the 
Sea fwells gradually, and rifes upon the Coaft entering 
into theChannels of the Rivers, and forcing the Waters 
back towards their Springs. 

3. After thefe Six Hours in which the Sea continúes 
to flow ; it feems to fland flill for about a quarter of an 
Hour; and then it changes its Courfe and runs from 
North to South for Six Hours more; during which time 
the Waters on the Coatí abate, and thofe in the Rivers 
go in their ufual Courfe as their Channels diredt them. 
This Motion is called the Reflux of the Sea ; after 
which it feems to fland flill again for about a Quarter 
of an Hour, and is then fucceeded by a Flux and after 
that a Reflux as before. 


4. That the 4. Thus the Sea is obferved to rife and fall twice every 
"fifiy 'Iñnl'tL Da y ’ but this does not happen exaétly atthe fameTime, 
latir evcrj becaufe it takes up more than twelve Hours from one 
^ UX t0 an °ther; and if we would know exaftly how 
a.micr. l on g Time it takes up ; we muft obferve ita great many 
Days together, and then it will appear, that the Flux of 
it falls about fiíty Minutes later every Day than other. 
So that if we fuppofe the Sea begins to rife any Day at 
Noon, it will not beginto rife exaítly at the fame Time 
the next Day, but about fifty Minutes later, that is, three 
Quatters of an Hour and five Minutes later. Now 
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y. Now becaufe there is juft the fame DifFerence of s- That the 
Time in the Moon’s being in the Meridian one Day, flluíZZfan 
and the Day following ; we may affirrn that the Sea as the Moon 
rifes as often as the Moon paífes through the Meridian, is in th ‘ 


Meridian and 
in thóHori - 


as well below as above the Horizon ; and alfo that it 
falls as often as the Moon is in the Horizon, as well zm. 
when it fets, as when it rifes. 

6. * We obferve alfo another conftant Agreement be- <?• That the 
twixt the Moon and the Sea ; and that is, that though 

the Sea increafes every Day, it does not increafe every "‘the New mi 
Day alike; but the Tides are fo much the greater as F»n Mmt 
the Moon draws nearer to its Conjunólion or Op- Ztker ‘par 7 : f 
poíition, and fo much the lefs, as it is nearer the Qua- theMmh. 
dratures. 

7. Laftly, The Increafe of the Sea is fenlibly greater 7 - That 

at thofe new and full Moons which happen neareíl the ZZltifil/áu 
Equinoxes than in any other part of the Year. ÍZVlhc 

8. Very near the fame Thing hath been obferved in E T xrx “- 
all the Coaíts of Europe that are upon the main Ocean ; 7 htkZZrt* 
but the Flux is fo much the greater, and happens fo «pe» 
much the later, as the Coaft on which it is, is more particular 
nort’herly ; and on the contrary itisleaft of all and fcarce 
fenlible between the twoTropicks. 

9 . The Medherranean Sea does not fwell at all, 9-Howit 
except at the Bottom of the Gulph of Venice , that is, 

at Venice itfelf and the Neighbouring Places; every 
where elfe there is nothing to be feen, but the common 
Motion along the Shore. 

10 . The Baltick , the Euxine Sea, and the Dead Sea 10. That 

in AJia , have no Flux or Reflux at all. in Seas 

xi. Notwithfíanding whatfome have writ about the 
Eteripus; it is very certain, that nothing elfe is tobe per- n .That the 
ceived in all the Archipelago , but particular Currents of T!dcs in the 
Water, which fometimes go North and fometimes ^ r . c , h ¡^ elag0 
South, without fwelling, and without obferving any me ertain. 
certain Rule. 

X2. As to what theTides are in other Seas, the Ac- 12. That the 
counts which we have are fo very imperfeñ, that we Tides are very 
cannot at all depend upon them. ZhVpZtslf 

13 . Afterall thefe Obfervations which have been con- ¿he Sea. 
firmed by the continual Experience of rnany Ages, I 
iliall not throw away the Time in needleíily relating. and ZftheEauh’t 
confuting the different and whimfical Opinions of the y»rtex. 
antient and modern Philofophers, about the Flux and p . ab * lv ' 
Reflux of the Sea ; but I íhall endeavour to deduce th¡£ ” s ' 
Motion direólly from its true Caufe, and to account 
H z for 
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for all the ditFerentObfervations. Let us fuppofe then, 
that in the following Figure, the Oval A B C D repre- 
fents the Vortex, in the Center of which is the Earth 
E F G H. The Circle A L reprefents the Body of the 
Moon ; The Line A C the Place where the Moon is 
at theTimewhen it is New or Full; and the Line BD 
that where the Moon is in it Quadratures. 

54. That the 14. Now, if we imagine the whole fluid Matter, 
Ear'fahkh w Bich furrounds the Earth, and reaches from the Sur- 
i¡ diuéi'y face of it, further than the Moon, to be divided into a 
under the g rea t many Strata, or Beds ; weíhall fee that that which 
mn, tí mojí a b out jq having butafmall Circuit tomake from Weft 
to Eaft, will finiíli its Revolution almoft in the fame Time 
as the Earth; but the Matter which isinQ, will takeup 
more Time to finiíh its Revolution, and the Matter in 
O will take up ftill more. Further, if we go on to 
imagine the Matter, which is contained between the two 
Superficies M L, DA, by which the Moon is carried 
about the Earth, to be divided into two Parts ; one of 
which is below the Center of the Moon marked I, and 
confequently nearer us, the other above its Center we 
íhallfee, that the Matter which is below, and which cor- 
refponds to that half of the Moon which looks towards 
us, moves quickerfrom Weft to Eaft, than the Matter 
which is higher ; fo that the Moon being carried along 
by a fluid Matter, fome Parts of which move fwifter 
than others ; its Celerity muft be a Médium betwixt that 
of the higheft and that of the loweft fluid Matter. All 
the Matter therefore which is in the Space O P, which 
is on this Side the Moon, moves fwifter than the Moon 
itfelf from Weft to Eaft, and comes fooner to the Space 
E L, where its PaíTage being ftraightned by the Hemif- 
phere of the Moon, it is forced to rnn fwifter than in 
any other Place : And becaufe all Bodies, the fwifter 
they move, the greater Imprelfion do they make upon 
other Bodies againft which they prefs; it is evident that 
the whole Matter which moves about the Earth, ought to 
prefs more upon it in that Part which is dire&ly under the 
Moon, than in any other Place. 
iy. That u iy. Moreover, lince it is certainthat there is nothing 
t0 -*~ u PP ort íhe Earth, but its Place isdetermined wholly 
Íp°n z: f y by the equal Preflure of the Matter which incompaífes 
¡opte Peínt. it ; therefore we cannot imagine but that if that Part of 
the Earth which is dire&ly under the Moon, be more 
prelTed upon than any other Part, it will caufe the Earth 
to move a littíe out of its Place, and to go fo far to- 
wards 


prejfed upon 
by the fluid 
Matter . 
Tab. XVII. 
Fig. 2. 
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wards R, which is on the oppofite Part of the Earth 
to the Moon, till the Place G is as much preffed upon 
by the fluid Matter againft which it moves, as the Place 
E is by the Air which is'forced upon it. 

16. The Air therefore prelTes upon the Places E and is, An 
G as if it was heavier there than any where elfe ; and SxpUutim 
becaufe thefe Places are within theTorrid Zone; itfol- 

lows, that if there be any large Sea there, the Preífure of the sé‘* 
of the Air, muft caufe a Motion in the Waters of it, "?“» thc 
from the Equator towards the Poles. Now the Ocean C ffff 
extends itfelf over the greateft Part of the Earth, and 
reaches from the South almoft as far as the North Pole. 

The Water therefore of the Ocean which is near the 
Equator, ought to flow from South to North, and to 
beat upon the Shore ; and becaufe the Waves which go 
firft:, are fupported by them that follow, the Sea muft 
fwell in thofe Places. And afterwards,. when by the 
Earth’s turning, the great Preífure remains no longer 
upon the Place where it was; the Waters will fubíide 
by their own weight into the Place which they were 
forced out of, fo that the Sea muft then decreafe upon 
the lame Coafts. 

17. That Part of the Ocean whofe Waters are forced 17. ¡t 
upon our Shores, is once every Day direólly under the h ff” ¡ D troUe 
Moon, and once oppofite to it; wherefore the Sea ebbs ‘ v ‘ ry ' 7 ‘ 
and flows-twice every twenty-four Hours. 

18. If the Moon had not the Motion which it now 18. Whyith 
has from Weft to Eaft, the Flux and Reflux of the-£J^ M ’‘ , '"“ 
Sea would happen every Day cxaílly at the fame Time, D.ytZn 
and alfo twice a Day ; becaufe the Earth by turning there. 
about, would bring the fame Place of the Ocean diredt- 

ly under the Moon, every twenty-four Hours, which 
twelve Hours before, was in the oppofite Side to it: 
but becaufe the Moon advances twelve Degrees and a 
half towards the Eaft every Day, it follows, that when 
the Earth has gone round, it muft go twelve Degrees 
and a half more before the famePlace in its Superficies 
will be under the Moon again. And this is the Reafon 
why the Flux of the Sea happens fifty Minutes later 
every Day, and that there is five and twenty Minutes 
Difference between the Time of one Flux and that im- 
mediately fucceeding. 

19. It is further evident, that one and the fame Tide £*■ 

ought to happen later, the more northern the Coaft is ; ZJhthe/Jer 
becaufe, the Water flowing from South to North, the “ nd /» 
Swelling muft firft be perceived in thofe Places which ' 

H 3 are thcCoapsare. 
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are neareft: And, becaufe the Water which runs along 
the Coafts which are about the Torrid Zone, have a 
free Palfage towards the Poles, and are no where nin- 
dred till they come to the northern Coafts ; henee it is 
that the Flux of the Sea ?s fo mnch the greater, the 
more remóte any Place is from the Equator. 

10. m y the 20. When theMoon is at the New or Full, then its 
’blygerZt the P Iace is in the Diameter AC, which is the leaft Diame- 
NemandFnii ter of the Earth’ s Vortex; and becaufe the Diameter 
tT’xiv t ^ e E art; h, bears a greater Proportion to the Diameter 
Vig.'z. ’ AC, than itdoesto the Diameter BD where the Moon 
is in the Quadratures ; therefore at thoíe Times it muft 
neceílarily caufe the Air which incompaífes the Earth to 
be coníiderably more compreífed than at any- other part 
of the Month ; and fo the Waters muft be driven to- 
wards the Poles with greater Forcé; whenceitfollows, 
that the Tides ought to be bigger at the New and Full 
Moons than at the Quadratures. 

W 21 • When the Moon is in Conjunélion or Oppoíition 

‘nearthe . to the Sun, near the Times of the Equinoxes, it is then 
Equincxcs. in the Beginning of the Signs Aries or Libra-, and be- 
caufe the Circle which it deferibes at this Time, corre- 
fponds to the Equinoílial Circle, and coníequently is 
the largeft thatit candefcribe about the Earth; therefore 
it muft prefs upon the Air, and forcé that more per- 
pendicularly upon the Earth than at any otherTime: 
And this Aftion or Impreffion upon the Waters muft 
add fomething to the Effeél which the Moon generally 
has at the New or Full; fo that the Waters ought at 
thofe Times to be driven with a greater Forcé, and in 
a more than ordinary Quantity againft our Coafts, and 
thereby increafe the common Eftedts produced by the 
"Moon ; that is, make greater Tides. 

ai. That the 22. If we add to what has beenalready faid concern- 
mnds caufe ¡ n g t h e Tides, that the Winas may fometimes confpire 
invehe Tiits. w kh and accelerate the Motion of the Water, ancLat 

other Times be contrary to and retard it; we iliall 
have an exadl Explication of all the Particulars which 
Seamen have obferved concerning this Phsnomenon, 
which has at all Times been efteemed very difficult. 

aj. m y the 23. But in order to determine fomething of what 

Mem when ought to be in other Places ; we muft coníider that the 
twrSkivers Motion of the Waters of the Sea, depends upon this; 
a ndLakes, that in a large and vaft Extent xxf Sea, there are fome 
eaufis tío Places which are very much preífed upon by the Moon, 
Refiúmin an< ^ ot hers whjch are not preífed upon at all ; and this 
*hcm. makes 
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makes the Waters fpread themfelves to thofe Places 
where they are not preífed upon. If therefore there be 
any Waters which are but of a fmall Extent, though 
the M0011 preíTes upon the whole of them, yet becaufe 
that Preííure is every where alike, they can neither rife 
ñor fall. Now the Rivers and Lakes which are between 
theTropicks are fuchSort of Waters as thefe; the Ex- 
tent of them is very inconíiderable, compared with the 
Body of the Moon which paífes over them ; and there- 
fore we do not find any Flux or Reflux in them. 

24 As to thofe Lakes and Rivers which arebeyond 24, m? 
theTropicks, there is flill greater Reafon to behWe that 
they ought not to have any Tides at all; neither oúght 
the Seas there to have any, unlefs they have fome Com- 
munication with the Ocean, and not then unlefs the 
PaíTage be very ftraight: For the Moon never paífes 
dire&ly over thefe Waters, and therefore they cannot 
be preífed by it: Wherefore we are not to think it 
ftrange that the Dead Sea in AJia, and the Euxine Sea, 
and the Baltick in Europe have no Flux and Reflux. 

ay. Thz Mediterránea» Sea, which is beyond the Tro- i¡.Why there 
pick, has indeed a very free Communication with the w»oJWe»*« 
Ocean by the Streights of Gibraltar : But becaufe this ¿"íITmc- 
Paífage is not above three or fourLeagues over, it is a dicerranean 
very inconíiderable Quautity of Water only that can Sea - 
enter in íix Hours, if weconlider theDepth and Extent 
of this Sea. Further; no fooner do thefe Waters ad- 
vance, but they meet with a wider Sea, the Coaíts of 
which are fodifpofed, as to make the Water glide along 
by the Land only : So that we obferve only a íimple 
Motion or Current of Water in the Me diierran can, 
without any feníible Swelling. 

2Ó. However, the Waters which enter into theGulph *- 6 . Whyme 
of Venice , after having glided along the Coait, ought Yndfautlt 
at laft to come to the Bottom of the Gulph, where by 

Venice. 

falling upon and fupporting each other for fome Timé, 
they muí! increafe in the fame Manner as the Ocean 
does, only they cannot rife to fo great a Height. 

27. As to the Archip'elago ; That is at fuch aDiftance 17. That 
from the Streights of Gibraltar, and is withal fo inter- ™&ht 
rupted by the Iílands which divide the Water, that it ”ac r !afel/íhe 
cannot receive any Quantity of Water fufficient to make Water iíthe 
it fwell ; for which Reafon, we ought not to perceive Archípelago, 
any Flux or Reflux there, as we do in the Gulph of 
Venice ; and this is confirmed by Mariners who frequent 
this Sea. 
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28. It is very true, that thüre are Currents of Water 
feen in this Sea, wbich moves fometimes South and 
fometimes North, without cbferving any Rule : But 
there is Reafon to think that the Cauíe of the Motion 
of thefe Waters towards the South is this; that the 
Eux'me Sea, which is but of a frnall Extent, is conti- 
nually receiving the Waters ofa great many large Rivers, 
which it difcharges itfelf of by the Archipelago into the 
Mediterranean : And that which caufes the Motion of 
íhem towards the North, is the South Wind, which 
blows fo very ílrong fometimes, as to drive the Water 
back, and to fupport it, till the Quantity of it is become 
fo great, that its ownWeight forces'it to go in itsufual 
Courfe, 

29. There may be fome other Particulars obferved 
concerning the Flux and Reflux of the Sea, befides thofe 
already mentioned ; but whatever they be, the Reafon 
of them will be found to be comprehended in what 
has been before faid: For when 1 the principal Diffi- 
culty is once got over; the fame Foundation upon 
which that has been cleared, will of Neceflity give Sa- 
tisfaftion in all other Circumflances which depend upon 
particular Caufes» 

Having 

So líkewife on the other Hand; be- 
caufe the Water in G, is further oíF 
from the Moon, than any of the 
other Parts of the Sea and Land in 
the Hemifphere FGH: it mufí gra- 
vitare towards the Moonlefs than any 
of them, that is, icought tobe lifted 
up the contraryWay, and tofwellin 
G. By this Means che Superficiesof 
the Ocean muí! neceflarily gather i tfelf 
into an oval Figure, whofe longer 
Diameter is EG, and che íhorter 
Diameter F H. And fince ic is 
further manifeñ, that the Swellings 
of this oval Figure oughc to alcer 
every Day, according to the Moon’s 
Motion, ic isevident that the diurnal 
Fluxes and Refluxes of the Sea may 
be moíl clearly explained in this 
Manner. 

Secondly , Becaufe at the Conjuníli- 
ons and Oppofitions of the Sun and 
Moon, the Gravitation of the Water 
towards the Sun confpires with its 
Gravitation toward the Moon; but in 
the Quadracures, the Water which is 
lifted up by the Moon, is depreíTed 
by the Sun, and that which is lifted 
up by the Sun, is depreíTed by the 
Moon 1 


l' The principal Dijpcuhy u once got 
pver , &c.) The 'univerfal Gravita- 
tion of Matter being allowed fo that 
the Earth gravitares towards the Moon 
and the Moon towards the Earth, 
and all the Parts of them towards 
gach other; the Phamomena of the 
ebbing and flowing of the Sea is 
very clearly explained by the learned 
Dr. Hallyt from the Principies of 
the famous Sir Ifaac New ton ; the 
principal fieads of whofe Piíferta- 
tion upon this Subjeíf, I (hall here 
briefly explain. 

Firñ then, íince the Superficies of 
the Earth and Sea is round of it felf 
if che Moon A be 
Tab. XIV. perpendicularlyover 
Fjg, 2 .p any Part of the Su- 

perficiesof the Sea, 
as E ; it is evident that the Water 
in E, which is nearer the Moon, 
than any other Pare of the Earth and . 
Sea in the Hemifphere FPH, oughc 
to gravitare more towards the Moon 
than anyof thofe other Parts, 1 lo that 
that Water muft by chis Means be 
Jifted up towards the Moon, that is, 
he lighcer than ufuaí and fwell in E. 
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Having now given a Defcription of the World in 
general, and fpoken to two or three of the principal 
EffeQs which depend npon the Compofition of it, I 
come now to thofe Parts which are nearer us, and to 
treat of terreftrial Things, particularly of the Earth itfelf, 
and what is produced upon it. 


Moon : Therefore the greateñ 
Tides are thofe which are made in 
the Conjunflions and Oppofirions, 
and thofe at the Quadracures are, the 
leafl. But the Forcé which the Sun 
has to move the Sea, is much lefs 
than theMoon’s Forcé; becaufe tho’ 
ithe ten thoufand Times biggerrhan 
theEarch and Moon together, yet by 
reaíon of its immenfe Difiance, the 
Earth’s Semidiameter bears no Pro- 
porción to it. 

Tdirii/y, Becaufe about the Time 
of the Equinoxes, the greateñ Tides 
(viz. thofe which are made at the 
Conjunflion and Oppofition of Sun 
and Moon,) arecaufed by the Sun and 
Moon when they areboth in theEqui- 
noftial; but thofe at theTimeof the 
Solílices are made by the Sun and 
Moon when they are in the T ropicks ; 
therefore thofe greateñ Tides are big- 
ger at the Equinoxes and lefs at the 
Solftices : Becaufe the larger the 
Circleis in which the Waters revolve, 
the greater mufi the Agitación of 
them be ; and if the Moon ñood ñill 
in the Pole, the Tides or the Swell- 
ing of the Wacers would continué 
immoveable about the Poles. 

Fmrthty, Becaufe thefe Tides are 
alittlealtered by che Libración of the 
Waters, which are apt to recain the 
Motion impreífed upon them, there- 
fore the greateñ Tides of all, do 
noc happen exaffly at the Conjunc- 
tion and Oppofition of the Sun and 
Moon, but generaily about three Tides 
after. 

Fifthly, Becaufe the Sun is a lítele 
nearer the Earth in theWinter than 
in theSummer, therefore che greateñ 
Equinoftial Tides, areobferved to be 


thofe which happen a lítele before 
che vernal Equinox and a lictle after 
the Autumnal Equinox. 

Sixthly, Becaufe in every diurnal 
Revolución of the Moon, the greateñ 
of the two Tides, oughc to be thac 
in which theMoon approaches near- 
aft to the Zenith or Nadir ; There- 
fore in our Climare 5 ,when the Moon 
is in the Northern Signs, thatdiurnal 
Tide which is made when the 
Moon is above the Horizon, is a 
lictle bigger than the ocher ; and 
when the Moon is in Southern Signs, 
the Tide which happens when the 
Moon is below the Horiton, is the 
biggeft. 

All other Phtenomena of the 
Tides, which according to the dif- 
ferent Latitudes of the Places, the 
Shallows, Bays, Streightsof theSeasj 
and differentTides beaten backfrom 
the Shoars and meeting together 
are infinitely various; may be very 
eafily explained by chis Theory, if 
we have a true Notion of it in our 
Minds. See the Philofophical Tranf- 
aélions. No, 2 .z6. 

This is the Opinión of thefamous 
Sir Jfaac Nervton concerning the 
Tides, which J^p/cr, by 3 furprifingly 
probable Conjeture, had fome No- 
tion of, before ic was clearly found 
out. If 3 fays he, the Earth Jhould 
ce a fe to attraft iss oron Waters to 
it : All the Water in the Sea 
voonld be lifted up and run into 
the Moon: The Sphere of attraílivt 
Vertue which is in the Moon, reaches 
as far as the Earth , and draws up 
_ the Waters under the Turrid Zone 9 

1 &c. See his Incrodu&ion to the 
Theory of Mars. 
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H E Uníverfe contains an infinite Num- 
ber of diíferent Things, whofe Dí- 
ftance is fo great as not to afford us 
a clear and diftinét Knowledge, but 
only an imperfedl and confufed No- 
tion of them, whereby they appear 
only as luminous or traníparent. 
Wherefore we geijeral}y think that we have a fufficient 

Knowledge 


Chap. x. í>/Naturai,Philosophy. 125- 

Knowledge of thefe Things, i'f we can find out what 
That is. in them which is the Original or Caufe of thefe 
two Qualities which we obferve to belong to them. 

But it is not fo with refpedl to the Earth, and the 
Bodiés which are contained in it, or which are very 
near to it : For thefe being within the Reach of all our 
Senfes, we can examine them a great many different 
Ways, and thereby obferve a great many Properties, 
each of which deferves to be particularly confídered. 

And to eílablifh this Knowledge, is the Deíign of this 
third Part of our Treatife of Natural Philofophy. 

2. Daily Experience, and a thoufand Obfervations 2. That 
made by the Induítry of Men in patl Ages, and which thc F" r ‘f 
we ourfelves have confirmed ; do fufficiently convince c "!u ™ 3 
us, that there is no part of the Earth, be it never fo 

great or fmall, but that inTime it undergoes fome Al- 
teration, either from the A ilion of Water or Air, or 
of the fubtle Matter which enters into its Pores ; even 
Diamonds, which are the leaíl liable to Alteration of 
any Bodies that we know, wear away and diminiíh in 
length of Time, not only by rubbing againíl each other, 
but by mere handling them with our Hands, or rubbing 
them againíl our Clothes. For after we have carried 
them a long Time about us, they do not look fo well 
poliíhed, and the angular Points of them grow blunt ; 
which is a certain Sign that they have loíl íome of 
their Parts : The Earth therefore, which has fo lone 
withílood the Forcé of the fubtle Matter of its Vo® 
tex, muíl long íince have been entirely worn out and 
deílroyed, or at leaíl, very much changed to the worfe 
from what it once was, unlefs it had been continually 
fupplied and repaired from fomewhere elfe. But lince 
we are fure that it does fubíiít ílill, and that it does 
not appear at all different to us from what the Anti- 
ents defcribe it, this is a fufficient Proof that it is re- 
paired as faíl as it waíles. And becaufe this Repara- 
don, as well as what it lofes, depends upon the A6li- 
on of thofe Things which encompafs the Earth, if there 
be any Ground to hope for a thorough underílanding 
of the Nature of the Earth, it muíl be principally from 
our Reafoning about what muíl be the Effeéls of the 
Action of the- Matter of the Vortex, in whofe Centcr 
it is, upon it. Thit the 

3. Now if we coníider, that this Vortex, in turn- E.mhUmaic 
íng round, muíl forcé the moít folid and moít agitated "? °f the 
Parts, from the Cerner, it is reafonable to conclude, ^w‘d EiJ h ‘ 

that mcnt» 
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that thofe which remam about the Center, muft be lefs 
folid and lefs agitated ; and that therefore the Earth is 
compofed of Parts of the third Element, which, be- 
caufe they are very grofs, and of no great Solidity, and 
of fuch Figures as make them apt to entangle each 
other, are more difficult to be moved than the others : 
And there is no other DifFerence betwixt thefe terref- 
trial Parts, and thofe which we before faid the Spots 
óf the Sun were compofed of, but this, that the Parts 
of the Earth are more ftrongly and clofely united to- 
gether, and by that Means form a Denfer and more 
compaft Body. 

4. And becaufe the Parts of the third Element are of 
very irregular Figures, and can therefore beranged only 
in a very odd Manner ; from henee arifes all the Ine- 
qualities which we obferve in the Earth : And this is 
the Reafon why there are Mountains in fome Places 
and Deeps in others ; that fometimes we meet with a 
great Number of its Parts fucceeding one another with- 
out Interruption, and forming one continued Body, 
and at other Times, we feeValleys and large Caverns ; 
Laftly, henee it is, that fome of its Parts are very hard, 
and others very foft. 

f. However, it is to be obferved, that notwithftand- 
ing all thefe Iuequalities, it is impoflible but that the 
Earth muft be round, or very nearly fo ; becaufe if at 
the Beginning, there had been any Part confiderably 
higher (compared with the whole Mafs) than all the 
reft, the liquid Matter which furrounded it, to whofe 
Forcé it lay more expofed than any other Parts, could 
not but beat with more Violence againít, and by degrees 
undermine it, till it became very near upon the fame 
Level with the reft. 

ó. If then the Earth be fuch as wehave nowdefcrib- 
ed it, it ought to be hard and dry ; becaufe the Hard- 
nefs and Drynefs of any Body are Qualities which are 
the Refult of its Parts being at reft; It muft alfo be 
coid, becaufe there is not Motion enough in its Parts, 
to excite Heat : And it muft alfo be heavy, becaufe its 
Parts, having lefs Forcé than the other Matter to go 
off from the Center of the Vortex in which the Earth 
is, muft needs be impelled that Way. If we add to 
this ; that the Reafon why it is opake, is becaufe of 
the frequent Interruption and Winding of its Pores, 
which do not correfpond with each other, we may af- 
fure ourfelves, that this íliort Defcription contains a 

full 
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full Explication of the principal and moft obvious Pro- 
perties of the Earth. So that I may be excufed adding 
any Thing farther upon -this Head , except a little 
more particular Confideration of its Pores ; which feems 
to me neceíTary in order to the more diftinct Knowledge 
of it. 

* 7 . It is true indeed, that it is impoffible to defcribe 7 - ThM '*»* 
them all, becaufe of the prodigious difFerent Sorts that ¿”títfPor« 
there are in this large Mafs, and efpecially, inthat Part inthc Eartho 
of it which we cali the exterior Earth, the Partióles of 
which are of very irregular Figures : However, if we 
can content ouríelves with the Confideration of the 
Nature of the Pores of the interior Earth, (which muft 
needs be very ftraight, becaufe the Parts of the third Ele- 
ment are very much compreífed there, by the W eight 
of all the Parts which they fuftain ; ) they may eafíly be 
reduced to thefe three Sorts. Firft, fuch as will bend 
and tura all Ways, and go along like Waves; Se- 
condly, fuch as are perfeétly ftraight ; and Thirdly, 
fuch as commnnicate with each other, and are tu/ifted 
together, which refemble the Branches of Trees. 

8 . Befídes thefe three Sorts of Pores, there is yet a 8 . That there 
fourth, which requires particular Attention in order to 
a clear Underftandiüg of them, becaufe of the Confe- defaá/mg 
quences which we íhall afterwards draw from it. And t manís the 
here it is neceíTary in the firíl Place to recolledl what Earth, tnthe 
was formerly faid concerningthat fubtle Matter, which F<¡rm’°f a 
by entering into the Earth’s Vortex at thofe Places Strea - 
which are near its Poles, and fo getting from thence 
the Earth itfelf, caufes the Earth always to keep its Axis 
parallel to itfelf, during its annual Motion about the 
Sun. After this, we muft obferve, that though the vio- 
lent Agitation of the Parts of the Matter of the firft 
Element, do generally hinder them from being of any 
certain Figure ; yet the greateft Part of thofe which en- 
ter into any Vortex, acquire fome particular Figure 
which they remain in for a longTime. For Inftance; 
becaufe the Matter which enters into the Earth’s Vor- 
tex, moves very nearly in a ftraight Liue from one of 
its Poles to the Center, therefore a great many of its 
Parts are at reft with regard to each other; which 
makes them ítick together, and as I may fay, congeal, 
and become of the fame Figure as the Space is through 
which they pafs; in the fame mahner as melted Wax 
grows hard, and takes the Figure of the Mould into 
which it is caft. Now becaufe the Matter of the firft 
4 Element, 
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Element, takes its Figure by palfmg through the Tri- 
angular Space which muft neceíTarily be left between 
three Globules of the fecoiid Element, therefore the 
Figure fo acquired will be that of a long flender Body, 
all along which there will be three Channels, and thofe 
very direét, if all the Globules of the fecond Element 
were ranged in fuch order, that the triangular Inter- 
vais' betwixt them, agreed exactly with each other ; But 
becaufe this cannot be : If on the contrary, we ima- 
gine a great many Ranks of thefe Globules to fur- 
round the Earth ; the Interval between three Glo- 
bules of the uppermoít Rank, muít neceíTarily be di- 
redlly againft fome Globule of an inferior Rank. 
Confequently the Matter of the firft Element, muft de- 
fcend towards the Center of the Vortex, by winding 
continually round, and will therefore acquire a Figure 
pretty much l'ike that of a Screw with three 1 Channels 
in it. 

i. That the 9, And becaufe the Particles of the fecond Element 
Charmei rfthe w hich are at a certain Diftance from the Earth, turn a 
“ Ettle faft er from Weft to Eaft than thofe which are in 
unard¡ the the upper part of the Vortex; this caufes the Matter 
^tmJdthe ° ^ ^ ie Element to turn one particular Way, as 
'mntrary way & defeends about the Axis of the Vortex; whence it 
to that whkh is eafy to conclude, that the Parts of the Matter of the 
‘timarás the Element, which defeend towards one of the Poles 
opio}, te Pote. °f the Earth, acquire the Form of a great many fimi- 
lar Screws, all of them wreathed the fame Way ; and 
that thofe which defeend towards the oppofite Pole, 
become of the Shape of the other Screws wreathed the 
contrary Way. 

io. of a xo. Thefe things being fuppofed; thoughwe arecer- 
IfiíTtohe tainthat there are a great many Pores in the Earth which 
v.ctmth in are filled upinTime with the Parts of thethird Element 
the Eanh. which íwim amongft thofe of the firft and fecond Ele- 
ment, and whofe Motion is eaíily ftopped when they 
meet with any Obftacle, becaufe they are of fuch Fi- 
gures as are eafy to be entangled ; yet we are not to 
underftand this to be fo in thofe Pores juft now de- 
feribed, through which the Matter íhaped like a Screw 
paífes, becaufe this Matter keeps its Paífage through 
thefe Pores always open. All the Conjedture that we 
can malte about thefe Pores is only this, that they con- 
tradi themfelves fo as to leave only juft as muft Space 


as 


4 


i See VitrmiHs Book III. Chap 3. 
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as is necelTary for the mere PalTage of the channelled 
Partieles. Whence it follows, that thefe Pores (which 
are the fourth Sort that we are to examine) are fo many 
Receptacles parallel to each other, and that thofe of them 
which receive the channelled Matter which comes from 
the Arétick Pole, are turned the contrary Way to thofe 
through which the channelled Matter which defcends 
from the Antarílick Pole, paffes. 


CHAP. II. 

Of the AIR . 

* 

W E generally give the Ñame of Air to all that li- 

quid and tranfparent Matter in which we live, ‘¡hTwai 
and which fpreads its felf all round the whole Globe -d¡r. 
compofed of Earth and Water. Now Air, taken in 
thisSenfe, is indeed avery ftrange and wonderful Com- 
polition, not only becaufe of the Matter of the firíl and 
fecond Element, a great Quantity of which is to be 
found in it, but alfo becaufe of the different Bodies 
which are continually raifed and exhaled out of the 
Earth. Wherefore, before we can throughly under- 
ítand the Nature of the Air, we muft know the Na- 
ture of all thefe Bodies. But becaufe we íhall treat of 
them afterwards, that we may proceed in a proper Me- 
thod, we will now confíder by itfelf, what Air pro- 
perly is, without the Mixture of any other Bodies with 
it, that is to fay, what puré limpie Air is, which the 
Commentators upon Arijiotle have given the Ñame of 
Element to. 

2. In order hereunto, we need only imagine the Air 2. 0/ the 
to be a large Heap confifling of an infinite Number of 
the fmall Parts of the third Element, which are like Ji ™ 0 
Branches, of very irregular Figures, pretty much like 
thofe which we before faid that the Earth was compofed 
of, only fmaller and loofer ; which make them in con- 
tinual Agitation fo long as they are fwiming amongíl 
the Partieles of the firíl and fecond Element. Where- 
fore though it Ihouldfeem by their Figures, that they are 
very apt to lay hold of and entangle each other, yet 
they cannot really do fo, becaufe they are fo very fine, 
as to give way to the leaít Impreffion made upon them 
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by the Matter of the firft and fecond Element, which 
eaíily bends them that Way which will diíimite them; 
and becaufe their Branches are fo very fmall and Ihort 
that they cannot be tied up in Knots. 

3. TheAir therefore muft always be liquid, and can 
never behardened, as we fee Water iswhenitis frozen; 
fo likewife, it ought to be light, becaufe there is but a 
fmall Quantity of the proper Matter of it in a large Com- 
pafs; it ought alfo to be tranfparent, becaufe, it being 
in continual Agitation itfelf, it cannot flacken the Mo- 
tion which luminous Bodies imprefs upon the Parts of 
the fecond Element in which itfwims, and byMeansof 
which it tranfmits the Light, and raifes the Senfation of it. 
Laftly, it muft alio be very much condenfed, not only 
when the Heat or Agitation of its Parts being confíder- 
ably lefíened, the^y are unable to daíh againft each 
other, or drive one another with fo great Violence as 
ufual; but alio when they are contained between the 
Parts of other Bodies which compréis them more than 
ordinary. On the other Hand, 1 it muft be dilated, 
when the Caufes of its Confinement are taken away ; 
by heating it, if it was before condenfed by Coid, or 
by opening the Prifon in which it is contained, if its 
preífure only was the Caufe of its being reduced to a 
lefs Compafs. 


i Tt muft he dilated , &cl) How 
great the CompreJJion or Dilatation is, 
lays che famous Dr. Wallis, which 
the Air is capable of, is not eafy to 
tell‘, it is certainly very great, more 
than anyone, who has not try'd, wonld 
think, as appears by Experiments. 

Merfennus fometimc ago, affirms 
that by the help of an oJLolipile, appty - 
ing a very great Heat, (as much as 
that Sor t of VeJJel wbuld Bear without 
tnelting ) he dilated the Air fo much 
as to take above feventy times the 
Space which it did before. 

And our Honourable Mr. Boyle, 
voithout the AJJiftancc of Heat, fottnd 
that the Air , by its elaftick Forcé 
only, cxpanded it felf into a Space, 
firft nine times great er than before 
then thirty one times i after that, 
fixty times j and laft of all , a hun- 
dred and fifty times, which is more 
than donblc Merfennus’s Expanfton. 
After all this, he promoted that Ex- 
pan fion by other means to above eight 
thoufand times (by its elaftick Forcé 


without applying any Heat ) at which 
Experiment (Íáyí che famous Dr. 
Wallis) I was prefent . Then by the 
making ufe of another Experiment 
ftill it carne to above ten thoufand 
times, nay to take up thirteen thoufand 
ftx hundred and feventy nine times as 
much Space as at firft. See Wallis’s, 
Hydroftat. Prop. 13. 

Now chis Dilacacion was madeín 
Air wichouc its being artificially 
compreffed, fo thac ic appears, thac 
che Air which webreathe hereupon 
the Superficies of che Earth, is, byits 
own Weighc only, comprefled inco 
che thirteen thoufand, fix hundred 
and feventy ninth pare of the Space 
which ic would take up in a Vacu- 
um. But if ic be compreffed ftill 
more byArr, ic willappear (asthefa- 
mousMr. ‘Boyle expe'rienced) chatthe 
Space which Air takes up, when i tía 
moftofall dilated, is to the Space which 
che fame Air poflefíes, when itis moft 
of all comprefísd, a sfivé hundred and 
fifty thoufand co one . > 


4. It 
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4. It is not befide the Parpofe to obferve here, tbat , 4. « 
tbe Dilatation of Air, which is made in this manner, by 
removing the Obftacles by which it is compreíled, Dilatation, 
ought to be very quick, becaufe its Partióles which 
before were forcibly bent and fo moved, endeavour all 
together to make themfelves ftraight and to expand 
themfelves as much as they can, and that with a Ve- 

locity equal to thofe of the Second Element, by which 
they are agitathd. And upon this Property of the Air 
is founded the Invention of little portable Fountains, 
which throw up the Water to a great Height,- and of 
Guns which being charg’d with Air only, will fend forth 
a leaden Bullet with au incredible Swiftnefs. 

5. The artificial Fountains are made in this Manner. r-^De. 
ABCD is a VeíTel of very hard Metal that will not bend, of 

any Figure you pleafe ; there is no Hole left in it Fmntah. 
but at AD, which is fo to be ítopped by the Tube EF T;lb - XIV - 
being foldered to the VeíTel, that nothing can enter into F ‘ s 3 ' 
the Cavicy HL, but through the Tube EF ; the Bottom 
of this VeíTel is purpofel^to be contrived with a little 
defcending Cavity in. fuch a manner, that tho’ there be 
no Hole made in ir, ñor the Tube EFrouch it,- yet the 
Extremity F may go a little lower than that fame Bot- 
torn. Laftly, there is a little Cock at D, by which the 
Tube is opened and íliut. 


Which vafi Ct>ntr adion and Ex- 
pan fion fcems unintelligible, by feign- 
ing the V anieles of Air to be fprin- 
gy and raraons , ortol/cdtip libe Hoops, 
orby any other means than a repulíive 
Power. Newt. Optic. pag, 371. 
Now this repufive Forcé is much 
greater in Air, than in any other jo- 
dies, becaufe ic is with great Diffi- 
culty generared, and that from very 
fixed Bodies, and fcarce from fuch 
withouc Ferm^ntation, thoje Parti- 
cles rcceding frojn one another with 
the great efi Forte , and being mo(l 
dijficnltly bronght together , which 
apon Contad cohere mofi firongly, i- 
bid. pag. 372. ( See alfio the Notes on 
Pare 1 . Chap. XXVII. Are. iy. 
concerning the Forcé with which the 
Parricies of Lighc are emitted.) Now 
that there ís fuch a repulfive Forcé in 
Bodies appears from henee, that Flies 
roalk upon the Water withont wetting 
their Feet \ and that the Objed Glafjes 
ef long Telcjcopes lie apon one another 
roithont tmching, and that dry Pow- 


ders are dijficnltly made to touch one 
another , Jo as to fiick together , itnlefs 
by mclting them , or wetting them with 
Water , which by being exhaled may 
bring them together , and that two po~ 
lifi:ed Mar bles, which by immediato 
Contad fiick together , are difficuítly 
bronght jo clofe together as to Jtick,\bid. 

As to the efficient Caufe of this 
repulfive Forcé, See what is laid 
concerning the Caufe of Attradi- 
on 3 in the Notes on Parí I. Chap * 
XI. Art. iy. 

Laílly, Ic is an Experimenc of 
the famous Mr . ‘Boyle’s very weíl 
’worth obíerving, that Air enclofed 
feveral Years in a Glaís VeíTel, loft 
nothing of its elaftick Forcé (which 
he could perceive) though aíl other 
Bodies, when forcibly detained in 
an undue Poíition, lofe their StifF- 
nefs by De^rees, and become weak. 
WheiberAir can be generated from 
fome 'Bodies and converted into o- 
chers , See the Noces on the follq/peing 
Chap . 
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(3 NowastotheTJfeof this Fountain, and the Manner 
of fetting it to work: The Tube EF is Eo be opened., 
and a Syringe fitted to the Mouth E, by which as m.uch 
new Air as we can, is to be forced into the Cavity HL, 
to condenfe the Air which was there before, and then 
the Hole E is to be ílopped. After this, another Syringe 
filled with Water, is to be fitted to the fame Hole, and 
to be thruft into the Cavity a little deeper, that the 
Air which was put into the VeíTel do not forcé it out a- 
gain, when the Cock is opened ; then the Cock is to be 
opened, and all the Water in the Syringe to be forced 
into the , VeíTel; then having turned the Cock, the Sy- 
ringe muí be filled with Water again, and forced into 
the Veflei as before, and fo on, as óft-en as it can be, 
The Engine being thus prepared ¿ as foon as ever the 
Cock is uñturned, the Air within by endeavouring to 
dilate it felf, preííes upon the Water which is at the 
Bottom of the VeíTel, and forcesit through the Tube EF 
with great Violence ; fo that i^is very pleafant to fee it 
rife up into the Air, and play like a Fountain. 

7. We fhall now give you the Figure and Defcription 
of a Wind-Gun. A A is a Tube of Metal well folde- 
red together ; open at one End I, and ílopped at the other 
End ; the bollo w of this Tube anfwers to what we 
commonly cali the Barrel of a Gun. BB is another Tuba 
of Metal, within which the T ube A A is fo placed, that 
Air may be included in the intermedíate Space CC. G 
is a ITole ílopped with a Valve which wiff open inwards, 
fhat is, will permit ibe Air to país forward from L to 
C, but not to go bitck from C to L. The Tube A A has 
alio two other Holes E and D, at that End which refera- 
bles the Breech of a cornalón Gun : Through the Hole 
E, the Air contained in the Space CC could pafs into 
the Barrel of the Gun, but that it is hindred by a Valve 
which can open only outwards and is preíTed fo mudíi 
the harder againft the Hole which it ílops, by the Air con- 
tained in che Space CC, as that Air endeavours to get 
into the Barrel with more Violence. By the other Hole 
D there is a Communication betwixt the external Air 
and all that in the whole Engine. And that the. Air 
which is contained in the Cavity CC may be hindred from 
gecting out there, there is a fhort Tube placed between 
I> and E, the Extremities of which are foldered to the 
Holésof the Tubes AA and BB. Laftíy, HHreprefents 
the Body of a Syringe, by which as much Air as can.be 

j? 
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is crouded ínto the Space CC : Which being done, and 
a leaden Ballet thruft into the Tube A A as far as O, the 
Gun is charged. And in order to difcharge it, we need 
only put into the Hole D a fmall round bride, fitted to 
st as exa&Iy as poilible, with which pufhing away the 
Valve at the Hole E, as ibón as that Hole is open, the Air 
contained in the Cavity CC, will dilate itfelf, and ruihing 
into the Gun, will drive out the Bullen without making 
much Noife; 

8. Thevery littleNoife which thefe Guns makeingo- s.ofahitt 
ing ofF, has given Occafion I believe, for the Fiction of Pender. 
that white Powder, which goes ofF without making 

any Noife ,• a Fecret which the firft Inventers of thefe 
Guns, who would have them país for common Guns, 
very much boafted of. But ic is evident, that this 
Powder is only a mere Story ; becaufe whatfoever 
is able to drive a Bullet out of a Gun with the Jame 
Velocity that Gun-Powder does, muir likewifeítrike the 
Air with the fame Forcé, and confequently malee as much 
Noife. But thougb thefe Wind-Guns fend forth a leaden 
Bullet with a furprizing Switneís, yet it falls very much 
fhort of the Swiftnefs cauied by Gun-Powder in a com- 
mon Gun ; and therefore it is no wonder that they malee 
lefs Noife when they go off. 

9. To what has been faid concerning tbá Nature of 7 , hílC 

the Air, we may add further, that the Air being liquid, the aít u 
it ought to gather it felf about the Earth in fuch a man- h t e ™¿ e p¡” cs 
ner, that the external Superficies of it may be i'pherical. „u c h are 
But becaufe it is more condenfed by the Coid near the neta the 
Poles, than it is in other Places, it follows, that there 

muft be a larger Quantity of it in thofe Places, and confe- are near the 
quently it muft be of agreater Weight than in the Places Estator. 
near the Equator : And this appears to be indeed fo by 
Experiments ; for the Mercury rifes higher, in the Barc- 
meters formerly deferibed, in Svueden and Denmark , than 
¿n Frailes and Italy, 

10. Now if we would afeend up beyond that grofs >o. 

Air, whofe Parts we have been now deferibing, in order 

to find out what is there ; it feems to me eafy to gueís, have the Air, 
that there is nothing elfe there but Matter of the firft 
and fecond Element. For if any other Matter were 
placed there, it could not continué there long, but would 
prefently be driven towardsthe Centerof the Vortex, be- 
caufe it cannoc be in fo great Agitation, ñor have ib 
much Forcé to go ofF from that Center, as the fubtle 
Matter has ¡ fo that it can be only this Matter which is 
I 2 above 
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above the Air. As to the Ñame which this Matter may 
be call’d by, I agree to that of JEther , which is that by 
which Ariftotle call’d it ¿ But as to the Word Fire, lean by 
no means agree, that it íliould be calledfo,- becaufe this 
Word is uíed to fignify a hot and luminóus Subítancej 
and by fo calling it, we íhould give occafion to many to 
thínk, that there is a Fire above the Air, like that which 
warms us and lhows us Light here below j but this is 
contrary to Experience, not oñly becaufe it fhows us no 
Light in the Night, but alfo becaufe it is fo far from caufing 
any Heat, that on the contrary, the higher we go above 
the Superficies of the Earth, the colder we find it. 

©a m m m m m m m m m m ®@ 

C H A P. III. 

Of IV ARE R. 

TN order to a more diftind Knowledge of the Natura 
of terreftrial Things, let us coníider. the Earth again. 
And here it is to be obferved, that the Earth being ( as 
we faid before) porous, and there being a Plenum in 
Nature, its Pores muid neceífarily be filled with the Mat- 
ter of the firít Element. But becaufe thefe Pores are long 
and very ftraight, their Length and extreme Smallnefs will 
not pefmit the difFerent Parts of this Matter to move 
Otherwife than along them only : This makes them to be 
as it were at reíd with refped to each other, and to ítick 
together, and form very fmall Bodies of the fame Shape as 
thefe Pores. Now if we examine what (amongft all the 
Things in Nature) a Mafs, confiílingof an infinite Num- 
her of thefe fmall Bodies, which were formed in thofe 
undulating Pores, like fo many Moulds, and which confe- 
quently refemble ímall Threads, which muid be ver y 
pliable, becaufe during the Formation of them, they 
were feveral Times bent difFerent Ways, may be compa- 
red to ; we fhall have reafon to thi'nk that it exadly re- 
fem bles what we cali Water, and is of the fame Nature j 
becaufe we fhall find in it all the Properties which we ob- 
ferve to be in Water. 

• 

2. Fqí 
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3. VThy fg 


2. Forfirft, ifWaterrefemblesaColleéfionoffuchfmall . 

Bodies, it is certain, that it ought to be liquid ; becaufe 

the Parts of it being very hender, they are eafily put in ¿L h m ay 
Motion by the Particles of the fecond Elementa which hc 
enter in betvveen them and furround them on all Sides. 

But there is no Inconfiftency in fuppofing that it may 
fometimes become hard, and appear in the Formof Ice i 
becaufe at fome Times, and in fome Places, the Matter 
of the fecond Element, being much lefs agitated, or much 
more fubtle than ordinary, may confequently not have 
Forcé enough to move the Parts diílindly ambngít each 
other, to that Degree as to make them liquid. 

3. The Heavinefs of Water is alfo a natural Coníe- 
quence of this Suppoíition,- becaufe Weight depends hcavy. 
íblely upon this, that the Parts have not fo great Motion 
as is requifite to caufe them to go off from the Center 

of the Earth ,• wherefore they muid neceffarily be impelled 
that Way by the A&ion of the fecond Element 3 And this 
is the Reafon why Wacer is heavy. 

4. Now we have no Reafon to wonder, that Water 4. That c<¡\¿ 
when it is hardened into Ice, is coid ; for this is a natu- 

ral Confequence and Effedt refulting from the Parts be- waunhaa 
ing at reft, as was before explained when we treated of Heau 
Cotí: But when it is liquid, Heat or Coid are equally 
indifferent to it ; becaufe by the Nature of it, it is equal- 
ly fufceptible of greater or lefs Agitation, which is ne- 
ceffary to make it hot or coid. 

5. And though Water which is heated upon the Fire, ;■ That 
grows cool by Degrees, it is not becaufe it has any par- 
ticular Difpofirion to being coid ; but proceeds from 
henee, that it communicátes at fuch a Time fome of its « /«««'. 
Motion (in which its Heat confiflts) to the Things which 
furround it, and which are lefs agitated than it felf : And 

this is confirmed from henee, that if we put hot Water 
into fuch a fort of a Veffel as will any way hinder it from 
having fo much Communication with the Things abtmt 
it, whofe Parts are fufceptible of Motion ,• we find 
by Experience, that it will preferve its Jrleat a long 
while. 

6 . When Water is pretty much heated, fome of its 5 . That 
Particles will getoutof their Places and fly up into the pMe'IfleT™ 
Air, where they are turned round by the Matter of the veyym M b-J= 
firft and fecond Element which they are mixed with, and ri fi líi - 
made to unfold themfelves to their ful! Length, and to 

drive every Way round them, all the Particles of the Air 
I 3 which 
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which they meet with in thofe Spherieal Spaces of which 
themfelves are, asitwere, the Diamcters. 

7. This great Agitation of the Parts of Water which 
caufes them to feparate from each other; is 1 all the Al- 
teration that Water undergoes; when we fay that ít ís 
converted into Vapours ; as is proved from henee; that 
if they loíe any of their Motion; as they really do when 
they meet with coid Bodies, we fee that they unite them- 
felves togetber again, and compofe the fame lort of Wa- 
ter which they did befare they were converted into Va- 
pours. 

8. í know there are fome who are prejudiced with 
this Opiniom that Water which is evaporated, turns 
into Air; and who alfo believe; that Air changes its 
Nature and is converted into Water; when we fee the 
Surface of a coid Body, expoíed to the Vapours excited 
in the Air; covered over with Water: But in order to 
undeceive fuch Perfons, I will tell them an Experiment, 
which I bave made, and which they may make them- 
felves; it being very eafy to be done; which will fhow 
them that Air cannot be changed into Water. Itook one 
of the Glafs-Bortles with a long Necio which the Chy- 
mifts cali a Be/t-Head, which held about 2 Gallons, and 
fealed it hermetically; fo that it might continué full of 
Air: After that, I put it into a Tub that was filled with 

W aten, 


i . All the Altcration that Water 
iiudergoeSj &c.) Water feems not 
capable ór being converted into Air, 
becaufe its Parts are not ílifi: and 
fpringy, buc will eaíily bend and 
turn round. Yet the famous Mr. 
“Boy le obferved, that Water, by be- 
ing often diílilPd, míght generally 
be. converted into an earthly Sub- 
íláncej and we know that in the 
Courfe of Nature, Water, or fome 
Subfiance conrained in Water, is 
every Year converted into Herbs, 
Corn and Wood^| So likewiíé Air 
is.not changed into Water by Com- 
preílion j yet Air feems to .be gene- 
lated out of a great many Bodies. 
For amorgff other Experimencs 
made in Vacuo, the famous Mr, lioyle 
©bierved 5 that a Subíiance very 


like Air, and which had all the Ef- 
fe£bs of the Elaíti'city of Air- was 
generared from Iron and Oyl of 
Vitriolo from Bread, Grapes^'new 
Wine, boyled Apples, from a greac 
many Sorts of Fruics, from Beans, 
FieJli, Herbs., Flowc-rs, and a greac 
many -other Bodies. Buc upon ex- 
amining the Thiñg more clofely, 
chis was fo far from being puré Air, 
that Animáis fhut up in this Sub- 
ftance, could not only notbreathe in 
it witbouc' being hurc, but they died 
in it much fóoner than in a Space 
entirely empty. So that ic ís necef* 
fary, that this íliouldbe mixed with 
the open Air, generated from all o- 
ther Sores of Bodies? beíore it be 
fie for Reípiration* 1 
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Water, and ftood in the Cellar, where ic reinained for 
three whole Years without Interruption, except that I 
now and then took ic out to fee what was contained in 
it ; but I could never perceivethe leaft fenfible Alteration 
to be madein the Air, ñor that there was the leaft Drop 
of Water made. Which there would doubtlefs have 
been, by Reafon of the Coid which furrounded the Bót- 
ele, if there really were any fuch Tranfmutation of Ele- 
ments as lome Philofophers imagine. 

9. The Reafon why Vapours are feparated and rife ap 9' m 7 
(as we fee them) into the Air, is becaufe they dafh a- ,^° t " TS a r Jeat 
gainft each other from all Sides, and drive one another height. 

all Ways, fo that they have not Room enough to extend 
themfelves fo mucb, as the Agitation they are in requires, 
unlefs they recede from the Earth, and rife up into the 
Air, where generally they meet with lefs Refiftance 
from that Part of the Air which is above them, than 
from the Bodies which are beneath or on the Sides of 
them. 

10. Becaufe the Parts of Water are very eafily bent, 1°. 
therefore they cannot put the Bodies againft which they V r^"^‘ 
ftrike into any great Agitation, any more than a Body Tafte, mdv o 
can be put in Motion, by darting a Piece of Thread Smc!l a > al,m 
directly againft it j whereas ic might be very feníibly mo- 
ved by ftriking upon it with a Stick of the farae Length, 

Thicknefs and Weight. And Ithis is the Reafon why 

Water when we drink it, (lides along the Tongue *and ío 
is infipid, and unable to excite almoft any Senfation of 
Táfte. A,nd becaufe in Bodies that Smell, thofe Parts 
which excite the Senfation of fmelling in us, are the fame 
which excite the Senfation of Tafte when they are applied 
to the Tongue ^ it is manifeft, that Water, which cannot 
excite the Senfation of Tafte, cannot for the fame Rea- 
fon have any Smell. 

11. Their being thus eafy tobend, is alfo the Reafon u.17 r bj 

why the Parts of Water can enter into the Pores of hard 
Bodies, though they be not exaclly Straight, and can al- n”lf 
fo get out of them again afterwards. a great m<¡ny 

12. But becaufe the Parts of Water, are of a deter- har ^ 
mínate Bignefs and of a certain Figure ; therefore the Pores ic cannot 
-muft be of a certain Bignefs at leaft for them to enter rt* 

in. Wherefore, when we fee Water pafs tbrough fome ” J 

Bodies, and is contained in óthers, which we are aíTuréd at aü. 
from Reafon have Pores alfo, it is no more furpriíing, 
thaq to fee (orne Grain pafs through a Sieve where the 
I 4 Hales 
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Holes are large, and non pafs through another where the 
Holes are fmall. 

13. This Confideration, namely, that Water can eafily 
pafs through fome Pores, and not at all through others, 
may ferve to undeceive thofe who think that Water is 
orre continued homogeneous Body, without any real 
Diviíion, and that it is therefore liquid becauíe it is 
capable of being divíded all Ways and in any Manner. 
For if this were lo, there could be no mathematical 
Point affigned in Water, but that the Water could as ea- 
fiiy be divided in that Point as in any other 3 that is, it 
could very eafily be divided indefiñitely. £onfequently 
Water might as eafily pafs through the Pores of Glafs, as 
through thofe made by Grains of Sand when they touch 
one another 3 which is manifeftly contrary to Experi- 
ence. 

I might here deduce many other Properties of Water 
as Confequences of that Nature which we have afcribed 
to it, but, it will be more convenient to ípeak of 
íhefe in other Places 3 wherefore I fhall now go on to 
explain the Nature of Salt. 





C H A P. IV. 


Of S AL T, 


M Y Deíign here is to treat principally of common 
Salt, fuchasis made out of Sea-Water: And in 
order to our underftanding the Nature of it, and finding 
out all its Properties, we need no more than to imagine 
it to be a Mafs made up of a great Number of fmall, 
íong and ílraight Parts, every one of which is compo^ 
ied of the Matter of the firíl Element, congealed and 
put inte fuch Form by paffing through the long ftraight 
Pores, which we know are cbiefly to be met with in the 
inward Parts of the Earth. T.his being fuppofed, it will 
explain all the Properties of Salt. 

2 ■ And firítj becaufe the Matter of the firíl Element 
is not forced to bend it felf different Ways, ñor to be 
fo much difunited, in concreting itfelf, in thofe Pores 
which are perfeítly ftraight, as iq thofp which are crooh- 

ed 
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ed and undalating j therefore there mufl: be more Matter 
at Reft, to compofe a Partióle of Sale, than to compofe 
a Partióle of Water, and confequently the Parts of Sale 
muít be more folid, and harder to bend than the Parts of 
Water. Wherefore fince the Parts of Water do fome- 
times refift the Forcé of the fecond Element fo 
much, as to continué at reft, with refpedt to each other, ; 
and fo compofe a hard Body ; this Property ought with 
ftill greater Reafon, to be found in the Parts of Salt. 

3. The fame Argument which proves Salt to be hard, _ -¡.myit 
does alfo prove that every one of its Parts is heavier than 
thofe which compofe Water ; It is alfo certain, that 
larger Pieces of Salt, ought to be heavier than an equal 
Quantity of Water ; becaufe the Parts of which theíe 
Pieces are compofed, are of fuch a Figure as will permit 
them to be more clofely united together, fo as to con- 
tain more terreftrial Matter, than there is in equal Quan- 
tities of Water. It is therefore no wonder that Salt finks 
to the Bottom in Water. But if it be diífolved, that is, 
divided into its component Particles ; we fee that it fwims 
in the Water, and does not precipítate to the Bottom ■, 
which Effeft ought not to be aferibed to the Smallnefs 
of its Parts, but to the Nature of the Liquid Body in 
which it fwirns.; which is of fuch a Sort, that its Parts, 
by eafily mixing with, and entangling the Parts of the 
Salt, and moving all Ways indifferenriy, bring them up 
glong with them, in great Numbers, as readily as they 
fall down, 1 


1. The Nature and Propertiesof 
Sale are more clearly and fully ex- 
plained by the incomparable Sir 
Ifaac Nevoton in che following 
Manner. £ When Mercnry fubli- 
c mate, isrefublimed with freíh Mer- 

4 cury, and becomes Mercrmus dttl- 

* cis , which isa whicetaftelefs Earth 
f fcarce diííolvable in Water, and 

* Mcrairitts ditlcis reíublimed with 

* Spirit of Salt, returns into Mercnry 
c fublimace; and when Metals cor- 
c roded with a lítele Acid turn into 

* K.ufh.which is an Earth tafíelefs and 
f indiflolvable in Water, and this 
6 Earth imbibed’ with more Acid 

* becomes a metallick Sale j and 

5 when lome S iones, as Spar of Lead¿> 
diílblved in proper Menflruuvis 

l becpme Sales i do noc thefe things 


4. Puré 

c íhew that Sales are dry Earth and 
4 wacry A cid united by Atcra&ion, 
£ and thac the Earth will not become 
£ a Sale withouc ío muft Acid- as 
c malees it difíblvable in Water ? 

£ As Gravity makes the 

£ Sea flow round the denfer and 
4 weighcier Parts of che Globe of 
c the Earth, fo the Attraftion may 
e makethewatry Acid flow round 
c the deníer and compa&er Particles 
4 of Earih for compofmg the Parci- 
4 cíes of Sale. For otherwiíe the 
£ Acid would noc do the Office of a 
£ Médium between the Earth and 
c common Water, for making Sales 
£ difíblvable in the Water ; cor 
£ would Salt of Tarrar readily draw 
c off the Acid from diílblved Mé- 
c calsi por Metals ebe Aci.d frora 

8 Mere* 


íjS 

■ 4. my 
&att melts 
roben expojed 
¿c the iAir. 


5:. Whcnc-t 
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4. Puré Air is compofed of Partióles too fine to agí- 
tate the Parts of Sale againít which they ftrike, - they are 
rather refleóted back again with their whole Motion. 
Wherefors when we íee Sale melt in the Air., we ought 
rather to aferibe it to the Parts of Water which fly about 
in the Air in the Forra of Vapour, than to the Parts of 
Air themfelves ; for we obferve that the Weather is al- 
ways moift when the Salts melts. 

5. The Partióles of Salt can eafier move with their 
Points forward, than obliquely, becaufe they are long and 
ftraight : And becaufe they are inflexible alió* they have 
the more Forcé to íhake the fmall Capillaments of the 
Nerves of the Tongue, and thereby excite the Senfation 
of a íharp Tafite. 

6. Tilia 


Mercnry . Now as ín íbe great 
c Globe of the Earth and Sea, che 

* denfeft Bodies by their Gravity fink 
« down in Water, and alwáys en- 
e deavour to go towards the Cencer 
c of che Globe i fo in Partióles of 
c Sale, thedenfeíl Matcer mayalways 
c endeavour to approach che Cerner 
c of che Parcicle. So chata Particle 

* of Sale may be compared to a 
c ChaoSi being denfe, hard : dry and 
c earthy in the Cencer i and rare, 
c fbft, moiít and watry in the Cir- 
c cumferencc. And henee it feems' 
€ to be, that Salts are of a laíting 
c Narure, beingfcarcedefiroyed, un- 
? lefs by dravving away their watry 
P Parts by Violence, or by lectir.g them 
? fbak into the Pbres of the central 
e Earth, by a ger.tle Heat in Putre- 
e faélíon, until the Earth be difloived 
e . by the Water, and feparaced into 
8 fmaller Particjes, which by Reaíbn 
¿ of their Smállnefs, malte the rotren 
s Compound appear v qf a black Co- 
c loor. 

£ If a very fmall Quantity of any 
c Saltor Vitriol be difloived in a great 

* Quantity of Water, the Páreteles bf 

* the Sale or Vitriol will not fink to 
c the Bottom, though they be heavi- 
e er in Specie than the Wafer, but 
£ will evenly di.ffufe themfelves into 
8 all the Water, í’o as to make it 
c as falineac the Top as ac the Boc- 
c soiíJí And does not chis imply 


c that the Parts of the Sale or Vitriol 
c recede from one another, and en- 
c deavour to expand themíeles, and 
c gec as far aíunder as the Quantity 
c of Water in which they float will 
e allow ? And does not chis Endea- 
c vour imply that they havearepul- 
c five Forcé by which they By from 
e one another,or ac leaíl, that they at* 
c tra£l the Wacer more llrongly than 
c they do one another ? For as all 
c things aícend in Water -which are 
c lefs attra&ed than Water, by the 
c gravitacing Power of the Earth ; 
c fo all che Particles of the Salt which 
c float in Water, and are lefs actra&ed 
c than Wacer by any one Parcicle of 
c Salt, muí! recede from that Parti- 
c ele, and give way to the more at- 
c rra&ed Water. 

1 When any faline Licjuor is eva- 
1 poraced to a Cuticle and lee cool* 
c the Salt concretes in regular Fi- 
c gures > which argues, that thePar- 
c cicles of the Salt befdre they con- 
c creced, floated in tbe Liquor at e- 
l qual Díftances inrankand file, and 
c by Confequence that they acled up- 
1 on one another by fome Power 
c which at equal Diílances is equal, 
c at unequal Diílances gnequal. For 
J by fuch a Power they will range 
c themfelves uniformly, and witbous 
c it they will float irregularly, and 
c come together as irregularly. Ncv/i, 
Opt' pag- 562. 


Chap. 4, cf N atural Philosoph Y, 139 

6 . This Figure added to their StifFnefs, makes them 6. vvhereín 
capable of entring into the Pores of Fieíh-meat, and 
hindering ít from being corrupted ; for they ger into the w barden 
Place of an equal Quantity of finer Matter which they -?/</&• 
drive out, the Agitation of which might have caufed the 

other Parts to have feparated from each other. Further, 
by fticking amongft the Parts of the Fiefh lilce fo many 
ftrong ftiff Wedges, they hinder the more flexible Parts 
which are amongft them, from being agitated and difturbed ; 
and- this is the Reafon why they keep Fiefh from cor- 
Tupting, and why in Icngth of Time ic grows hard. 

7. When Salt is difícil ved in Water, the Parts of the . 

Water have an Opportunity of moving round about 'harde/u* 
the Salt, and being always bent in the fame manner, they ¡han 
can very commodioufly pafs out of one Part into another ; ^ l ' tra,a " 
whereas, when the Parts of Water are not mixed with 

thofe of Salt, they are forced to bend and unbend them- 
felve continually all Sorts of Ways, which takes off fome 
of the Forcé, which the Matter of the fecond Element 
agitares them with ,• fo that there remains lefs Forcé to 
move the Parts of Water alone, than to move them 
when they are mixed with thofe of Salt ; whence it fol- 
lows, that frefh Water is more apt to lofeits Motion, or 
fo be turned into Ice than íalt Water. 

8. If we coníider that the Realon why Water is tranf- 8. Why it 
parent, is, becaufe the Matter of the fecond Element, ‘s™°retrd> ¡f- 
which is in the Pores of it, tranfmits the Aítion 0 f í<ire '' f ” 
luminous Bodies through it, we fhall have Reafon to 
conclude, that Salt-Water ought to be more tranfparenc 

than frellr Water, becaufe the Matter of the fecond E- 
lement which is in the Pores of Salt-Water, lteeps it felf in 
greater Motion than that which is in the Pores of frefli 
Water, and confequently is more capable of tranfmitting 
the Adtion of luminous Bodies. 

9. It is generally looked upon as a furprizing Thing 9- ^ fe- 
to fee, that if in a warm Place, pretty nearly an equal 
Quantity of Salt and Snow or beaten Ice be mixed to- narm Place, 
gether, and laid round about a Glafs full of Water, the 

Water in the Glaís will freeze in Proportion as the Salt 
and Snow tnelt : But we fhall eaíily comprehend the 
R.eafonof this, and fo cea fe to wonder, if we coníider j 
that in what manner íoever the Water be frozen, whe- 
ther it appears in the Form of Ice or in the Fo’rm of 
Snow ; the Matter of the fecond Element which is in the 
Pores of it, muft be more fubtle or lefs agitated, than 

that 
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that which is in the Pores of common Water (otherwife 
the Ice or Snow would continué liquid flill.) On the 
contrary, if the Air be températe, (as we now fuppofe 
it to be) the Matter of the fecond Element, which is in 
the Pores of the Air and of the Water contained in the 
Glafs, muíl be lefs fubtle and more agitated, than that 
which is in the Pores of the Snow or Ice : Now becaufe 
the íubtle Matter which is in the Glaís, has a continual 
Tendency to pafs from one Place to another, and cbief- 
ly to a Place where it can move itfelf with greater Free- 
dom ; it fbllows, that it muíl really país inco the Pores 
of the Salt and Snow which are melting, where it can 
eaíier move than in the Pores of the Water contained in 
the Glaís; and at the íáme time, an equal Quantity of 
more fubtle and lefs agitated Matter which before was in 
the Snow or Ice, muíl enter into the Glafs, in order to 
fucceed and take the Place of that which is gone out of 
it; which not having Forcé fufficient to put the Parts of 
the frefli Water which is in the Glafs into Motion, it 
cannot prevent their own Gravity from ílopping them 
one againíl another, ñor confequently from becoming a 
hard Body, that is, E they muíl freeze. 
to -Wí>y 10. The Chymiíls íáy, that Salt is a very fixed Body, 

^LrJtí. n °‘ becaufe they find by Experiments, that it is with great 
er: ' " Difficulty that it is made to evapórate; the Reafon of 
which may be colleóted from that Nature which we 
have aferibed to it : For belides that it is heavier than 
Water, it is certain, that it muíl be very aifficult for it 
to rife up by turning round as the Parts of Water do 
when they afeend in Vapours ; becaufe the StifFnefs of 
the Parts of Salt, when they daíh one againíl another, 
are a Híndrance to tbis Sort of Motion. So that they 
can hardly afeend at all, except it be with their Points 
upwards ; now becaufe in this Poíition, every Part has 
one End turned towards the Earth, their own Weigbi 
muíl make them defeend with greater Forcé, than the 
little fubtle Matter which is applied to the Points of 
them, can make them afeend. 

xi. When 


i. They viufi freeze, ¿re.) The j 
Experifnenc wili fucceed as v/ell, 
if tnílead of common Sale, you 
make ufe of Mitre, difÚifd I-iquors, 
.Sugar, or any fuch like Budiesi buc 


Sal slmmoniack is by far the Befi of 
all. See the Experiments of the ^ 
cad. del Cimento, pa'g, i oo. and the 
Notes on Tari I. Chap* 2.3. 
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11. When the Parts of Sale then are feparated from 
thofe of the Water, it muft be a very extraordinary Forcé, 
fuch as we find by Experience there is in Flames, that 
can keep them in Motion, and malte it appear to us in 
the Form of a Liquor j now if the Salt be added to that 
Matter which ufes to nourifh Fíame, the Solidity ¡of the 
Salt will make that Matter ílill more powerful, and capa- 
ble of diífolving Bodies which can commonly bear the 
Fire, fuch as the greateñ part of Metals are : And this 
is the Reafon why Workmen ’make ufe of Salt to help 
the Fire to diífolve Metals. 

12. Becaufe the Parts of Salt are not limber and eaíy 
to be bent like thole of Water, it is eafy to apprehend, 
that if a Mixture of them endeavour to enter into very 
ílender crooked Pores, the Particles of Water only will 

sbeableto enter in, and thofe of the Salt will be detained 
and ftick in the bending Paífages : And thus we fee thac 
Sea-Water in pafling through a good deal of Sand, will 
lofe its Saknefs gradually, and become quite frefh ac 
laft. 

13. The fame Stiffhefs which hitiders the Parts of Salt 
from penetrating very far into the winding narrow Pores 
of fome Bodies, is alfo the Reafon why, when they are 
once entangled in them, it is wlth great Difficulty that 
they can get out : Chymiftsthereforeareforced to reduce 
Plants to Alhes before they can draw out the Salt, by 
that Means opening the little Prifons where each Particle 
is detained. 

14. Salt then being of fuch a Nature as we have de- 
feribed, it is not at all {frange that when the Waters of 
the Sea are violently agitated in a very hot Seafon, its 
Waves íhould 1 throw out an infinite Number of Sparks 
in the Night into the Air. For we ought to coníider, that 
thefe Waves muít difperfe a great many Drops about 
in the Air, which divide themfelves into ftill fmaller 
Drops, and that fome of the Particles of the Salt, which 
are the moil folid and molí agitated, may then difengage 

* them- 

I. Throro out infinite Number of 
Sparl’Sj &c.) The follov/ing Query 
of Sir Ifaac Newton’s is very well 
worrh coníidering in chis PJace. 

Do not, íays he, all fixed Bodies roben 
beated beyond a certain Degree emit 
IJyht and [ hiñe ? and is not this E- 
mijfion performed by the vibrating 
Motions of their Parts ? ¿And do not 
<ñll Bodies which abonad with ierre- 


jtrtai rartSy ana ejpeciauy 1 vun J711- 
phurcous 07 i e Si emit Light P as. ojien as 
thofe Parts are fufiiciently agitated r 
whether that Agitatioh be maáe by 
Heat , or by Erikion , or PercnJJion, or 
PmrefaéUon, or by any vital Motion * 
or any other Caufe ? Mis for infiance ; 
Sea-Water in a raging Storm, 

Opt. page 314, 
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themfelves from che Parts of the Water, and dart them- 
íélves into the Air with their Points forward, in fuch a 
manner as to be lurrounded only by the Matter of the 
firft Element, which may communicate a Forcé to thera 
íufficient to impelí the fecond Elementa and fo produce 
Light. 

15. However, in order to produce this EfFecb, itis ne- 
ceíTary that the Parts of the Salt fhould be very fmooth and 
ílippery j wherefore Sea- Water which has been kept a 
long time, and Brine whofe Parts are covered with 
Dirt and asit were ruíly, are no Ways proper to produce 
thefe Sparks. 

i<j. It isfurther neceíTary, that the Parts of freíh Wa- 
ter, which are rolled about the Particles of Salt, fhould 
be extremely pliable, fo as to be able to unfold them- 
felves very eaffly, and give the Particles of Salt liberty to 
difengage themfelves ; now this can never be but only 
in the greateñ Heat of the Summer ,• and therefore we 
ordinarily fee fuch Sparks in that Seafon only. 

1 7. Laflly, it is evidént, that in order to this, the A- 
gitation muft be very violent, and the Parts of the Salt 
muft rnove with their Points forward, that tbey may the 
moreeaíily difengage themfelves from the Drops of Wa- 
ter; and this is the Reafon why the Sparks do not 
come from all the Waves ñor from every Drop of the 
fame W ave. 

1 8. If this Phsenotnenon have appeared furprifing to a 
great many, the Conftderation of the Formation of Salt 
on the Coaít of Fre-nce, will appear no lefs wonderful. 
They -who make Salt, chufe fome very low Place to do 
it in, which the Sea would overflow when it is high Water, 
if it were not kept out by a Bank. When the Water in 
the Sea is very high, they open Sluices by which they let 
the Salt Water into their Pans or Ponds, which they fill, 
and then fhut up the Sluices. This Water is kept fome 
Time in the Pans, that Part of it may evapórate and that 
which remains become falter ; then they let go this Water 
into little Channels like the narrotv Walks in our Gar- 
dens, the Bottom of which is done with Clay, that the 
Water may not fmk into it. All this is done in the Sum- 
mer, that the frefh Water may evapórate incefTantly ; 
and as it evaporates, the Grains of Salt form themfelves 
uponthe Top of that Water which remains in the Chan- 
nels. Thefe Grains are all of the fame- Figure, which is 
pretty nearly cubical, except that the upper Square is 
a little bigger than the Bottom one, and the fotir Sídes 

tending 
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tendióg to Trapeziums a lítele convex ; the upper Square 
being for the moft part a lítele concave in the Mid- 
dle. When the firft Grains are formed entirely and come 
to a certain Bignefs, they fink down to the Bottom, and 
then ncw ones are formed and fo on till all the Water 
is gone ; and then the Sale is heaped up, and more made 
in the fame rnanner. 

19. In order to explain what is. moft remarkable in 19. áw 
this Account, we muí! confider, that though the Salt 

does not afeend up in Vapours, yet it cannot be denied difame 
but that íbme of its Parts are' dragged up by the Parts 

' of the frefh Water which the Heat makes to fl y up into 
the Air, fo as to rife about two Fingers Breadth along with Water . 
them into the Air ; after which;, being loofened from the 
.Parts of the frefh Water which quit themfelves and fly 
from them, they fall down by their own Weight. And 
that this is fo, is very evident from henee, that if íome 
Rods be placed at this Height over the Salt-Water which 
is evaporating, the Salt will gather round them like Ice, 
which it will not do if the Rods be placed a little higher- 
Thefe fmail Particles of Salt which fall back thus upon 
the Water, fwim upon its Surface, for the fame Rea- • 
fon that we formerly faid fmail Steel Needíes fwam in 
like Manner. So that they do not fink into the Water Tab. xiv. 
at all, but only bend its Surface a little in, and malee a F ‘ s ' s ~ 
fmail Cavity, at the Bottom of which they remain fur- 
rounded with a little Ditch j and whilft there is but 3 
few of them upon the Surface of the Water they difperfe 
themfelves to a good Diftance from each other, without 
any order, as they are reprefented in A. 

20, But when there comes, to be a great Number of ao . Hlia 
them, thofe that fall upon the Surface of the Water af- they place 
terwards, muft neceffarily fall upon the Sides ,of thofe ‘thfside ^í 3 
little Ditches which were made by them that fell firft, each other 
and fo llip down do the Bottom of thefe Ditches and »P m “heS:ar- 
place themfelves by the Sides of the firft Particles, as water. ‘ * 
you fee them reprefented in B ; in the fame manner as Tab. xiv. 
fmail Steel Needles will do when they fwim upon the Flg ’ 

Water ; for as foon as any two of them, come pretty 

near one another, they immediately place themfelves by 
each other’s Side. 

. 21. The Particles of the Salt ought to continué to range 

themfelves in this manner, till there is a fufficient Quan- theyfirm 
tity of them to compofe a little Square ; but when this themfelves 
Square is formed, then the Hollow made in the Superfi- °* 

Cíes of the Water being every where of an equal Depth, Tab.xir. 
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ihli Crofs. are 
flled. 
Tab.XÍV. 


a 3’. Hoto a 


there is no Reafon why the new Parts of Sale, íliould 
place themfelves ac the Sides rather than at the Ends of 
the oíd ones ,• fo that they will really range themfelves at 
both the Sides and at the Ends* and fo form themfelves 
into a fort óf a Crofs* as you fee reprefenced at C. 

Ham 22. Further* becaufe the Cavity which is now made 
thefe ^ Peleles °f Salt* is a iittle deeper where 
' ,r ” the four Angles enter into the Crofs* than any where 
elfe* becaufe thefe Places are fomewhat nearer the Mid- 
dle than the reft ; thereforeif there come any newParticles 
they muft llip into thefe Places* and difpofe themfelves as 
they are reprefented at D. 

23. After a great Number of Partióles are united to- 
GromofSxít gethej- j H this manner* their Weight then becomes fuffi- 

¡t cr. c j en( . ma ^ e Nollow 0 f t he Water pretty deep* and 
the Declivity of its Sides very fenfible. The Partióles 
íherefore which fall afterwards* muft tumble upon the 
Partióles of the lower Order* and ragge themfelves upon 
them* in the fame manner as they ranged themfelves at 
firíE And by thus ranging themfelves one upon another* 
they will become of the Tbicknefs of a Grain of Salt* the 
• Breadth of which will be larger as it grows thicker* becaufe 
the fuperiour Order is always compofed of a greater 
Number of Partióles than the inferiour Order. 

24. However, we are not to think that a Grain can 
become of any fenfible Bignefs* till a great Number of 
thefe Orders of Partióles like Leaves* are laid one upon 
another; and then, becaufe the Length of the Sides of 
each Leaf is very much increafed* a great many of 
thefe Particies place themfelves at the End of each o- 
ther* and fo join themfelves to the firft. And becaufe 
thofe Places of the Cavity which each Grain of Sale 
maltes upon the Surfáce of the Water* are deeper the 
nearer they are to the Middle* and becaufe the Parti- 
óles of Salt always deícend as low as they can ; it follows, 
that a great many more of thefe Partióles will place them- 
felves in the Place E than in the Place F of the Sides of 
the foregoing Leaves ,■ and this will caufe the Leaves 
thus formed to be perfeclly Square. 

25. And becaufe the Leaves become at laft of a fen- 
fible Breadth, and their Superficies fo rough and unequal 

¿■«nf raí ” ” as D0C t0 P erm ‘ c Partióles of Salt, which fall after- 
wards to roll upon them without great Difficulty; there- * 
fore thofe Partióles which compofe the laft Leaves* which 
are upon the Top of the Grain* cannot get to the middle* 

which 
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hollow ¿n evcryV|ieáí - and 
that makes the Top of each Grain hoílojvMnlgcaufes 
them alfo to fwim fo much the longer "Rífee and the 
more eafily upon the Water ,• And becaufe they will not 
fink fo foon by their own Weight as they would do if 
thdré were no Cavity in them, there is the more Oppor- 
tunity for new Particles to join themfelves to the oíd 
ones, and fo confiderably to increafe the Bignefs of the 
Grains. 

26. At laft the Weigbt of the Grain becomes ib great 
as to malte it íinkto theBottom of the Water, which hap- thc f‘ Gr " i,t¡ 
pens fo much the fooner as the Heat is greater ,■ becaufe ’bZetyfmlu. 
the Agitation of the Parts of the Water, maíces it the 
eafier, to give way. And this Heat máy be ío great, that , 


2.6. . Hovp 


, Why 
Grains of 
kSa/t may ea- 


taken from thence may be like Powder: ; bf^b^í|m$íi|íf;‘t. 

27. From the Manner ih 

Grains of Salt are formed, we máy co'llcct, nhaTthéy 
ought to be more brittle at the CotnefsWh^^pi^.'WnSfe^, he b ' ro j, e ¿ 
elfe, becaufe the Parts of che Sá}f:áfe-.ngc ¡,^tibcCm, c ú 

ranged at thefe Corners ; and henee iris aifo that they- ,7 -‘”‘ fifi- 

a 1 1 J ■ wherei 

are very blunt. 

28. Further, it is eafy to conceive that Tome Parts of *8. vvby 
the frefli Water may be entailgíed amongfl: the Pardcles Salt cractui 
of Salt of which the Grains are compounded, and fo 
ítreightned that they cannot beturned round without be- the 
ing folded up. And if an extraordinary Heat íhould 
any Time give them a fufficient Forcé to unfold them 
felves, they muií do it by breaking their little Pfiibn with 
a Noife; which is the Reafon why Grains of Sale crackle 
when they are thrown into the Fire. And this is con- 
firmed from henee ; that if thefe Grains beverydry, that 
is, have no Particles of Water amongfl: them ; or if they 
be bruifed and reduced to a very fine Povvder, they wilí. 
then malee no Noife, or they will lofe the Property of 
crapkling. 

29. The Particles of Water which are comtnonly con- 
tained amongfl: thofe. of Salt, help to malee it melt '¡ t ¡ ca f i} f¡'“. > 
the more eafily when it is put into the Middle of a great ,he "*' J 
Fire in a Crucible. So we Jee that the Sale called by 

the ChymiflS. défrepitated Salt , which has loíi all the 
Water containecfe it, is very ditficult to melt. 
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30. Tha t 30. Becaufe the Parts of the Salt are fo lolid as to 
uirthiec re ^ tlie Aótibn of che fecond Element; it follows, 
and tranfpa- that the fmáll Globules of it, (by Means of which, we' 
rent, and before íaid, the Adtion of luminous Bodies was extend- 
*Sme°u‘ and ed to fo great a Diftance) muft pafs quite through, or 
nhence that elfe be refiedted, without any Diminution of their Mo- 
Piolet c ’ on j t ' ie Grains therefore muft appear either tranfpa- 
émeii, which rent or white. And becaufe thefe Parts are alfo very 
it fometimes g X ed, it follows likewife, that they muft be very difficult 
has, anfes. tQ ex b a i ec l • f 0 that Salt ought not to havc any Smell. 

If the contrary to this be found by Experience, iu that 
moft Salt is Grey, and that Salt when it is frelh made, 
fmelís fometimes like a Violet ; this does not diminifh the 
Forcé of our Reafoning ; becaufe this Colour and Smell 
arife from the. Mixture and Difpoñtion of foreign Particles 
which get in and go along with the firft Particles of the 
Salt as the Grains ate forming. 

31. That 31. And Experience fully fhows this to befo. For 
P líre s,,!t is if grey Salt be melted in frefh Water and ftrained, and 
"hlFit'm” then laid > n ti 16 °P en ^* r when it is warm and clear, that 
smell. the Grains rriay benew formed again; they will lofe both 

the Colour and the Smell which they had before. 

32. Con- 32- The foreign Particles which mix themfelves with 
ecming fume t h e Particles of Salt, being different upon the different 
tíe"ofSai. Coafts where Salt is made, is the Caufe of the pecu- 
liar Properties which we find to be in the Salts of differ- 
ent Coafts. And therefore it is no Wonder that the Salt 
made upon the Coafts of Trance may be of ufe for 
fome Purpofes, which that made upon the Coaft of S¡>ain 
is not at all proper for. 

33. Why 53. Laftly, It is in the Sea that Salt ought chiefly to be 
cíai / 1 to"be ^ ounc ^ 1 For though there is a great Deal of it formed in 
foun] in the the Bowels of the Earth, and alfo in Places that are at a 
Sea. great Diftance from the Sea; yet becaufe its own Weight 

malees it always tend towá'rds the Bottom, and it is ma- 
ny Times carried down by that Means ; after it is funk, 

■ the Veins of Water which difeharge themfelves into the 
Sea, loofen it and carry it along with them. 

-4. a 34. I íhall only juft mention in this Place, that it was 
Mijiake of a great Miftake in Ariflotle to aíTert, that the Saltnefs of 
couLrnilg che Sea dépends upon its ¿Vaters being heated by the 
the Sai turf s Rays of the Sun, for we do not find by Experience, 
o/ the sea. jbatthe Heat or theSun’or cven that of Fíame, vyill con-, 
v.ert frefh Water into Salt NTater.^-.- ,. 

y .35. That 
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35. That wbich feems in Tome Meafure to favour 3 r- K// f 

this Miftake, is, that roaft Meat is more favory, and “ 

tañes moft of Sale in rhofe Places wbich are moft expo- »» the mt- 
fed to the Fire. And alfo, that the Water in the Ocean^ ¿e ' 

is more Salt in the Torrid Zone, where the Sun diffuíes 
more of its Heat, than in thoíé Places which are near 
the Poles. As to Meat ; it is a known Thing, and allow- 
ed by all Chymijis, that there is no Flefh but has lome ' 

Salt in it, which is pretty eqüally diíFufed through all its 
Parts. Now when the Meat is put in Agitation by the 
Heat of the Fire, íbme of its Partióles are driyen towards 
the Superficies, and are alfo exhaled along with the more 
liquid Parts, which-caufethatSmoke which we fee rife out‘ 
of the Meat when it is roafting ; and becauie the infipid 
Partióles only can afeend to any great Height, or Di- ' 
flanee; the Partióles ofSalt can hardly get above two or • 
three luches from the Meat, before they will defeend 
by thetr own Weight, and fall back upon its Superficies. 

And this is it that makes thofe Places tañe fo quick and 
ftrong as we find they do. 

3 6. And as to the Difference obferved between the gg. w¿y 
Saltneís of the Water of the Sea between the two Tro - the Sca is 
picks, and that near the Poles ; it arifes from henee, that th¡ 
the Sun’s Fleat being much greater near the Equinoctial ¡w» Tnpich. 
than at thofe Places which are a good Diftance from ir, • 

a much larger Quantity of frelli Water muft continually 
afeend up in Vapours there than elfewhere, which do not 
defeend again in Rain till they are carried a great Di- 
ftance from thence ; fo that there being a lefs Quantity 
of that which temperates the Salt, to be found in thofe ‘ 

Seas which are between the two Tropicks, than in thofe 
Seas which are in the Frigid and Temperate-Zones ; it is 
no wonder if their Waters are falcer. To this we may 
add; that the Ocean is of a much larger Extent between 
the two Tropicks than any where elle, and yet' there are 
fewer Rivers difeharge themfelves into it. 

37. After having thus explained mofl of the Proper- V- °f> h ‘ 
tiés of common Salt ; there remains nothing more for.us 

to fay about other Salts which are digged out of the of ó’ait. 
Earth, fuch as Nitre , and Sal Armomack, but only that 
they are produced'mqch injhe fame Manner, and that 
whatevér is particular fin tbprp, is owing to their Parts 
being more orlefs grois-; and that whereas the Parts of 
' K 2 §ea 


"ROHAULPs System Part III 

Sea-Salt may be compared to Cy linden, 1 the Parts 
of other Saks may be like Prifms or Cones and laftly, 
fome of thefe Salts may be fo íubtle as to fly away by a 
modérate Heat 5 as thofe which the Chymifts cali Vola- 
tile Salts. 

38. /*!» 38. There is one Thing very obfervabki which - I 

tfsli/!"' 1 mu ft not P a *" s b y in Silence, and that is, that all Salts 
■mude. may be fo changed as from a hard Body to become !i- 
quid. In order to malte this Change, they take the Salt 
and commonly mix Brick-Duft with it, and put them 
together intoan earthen Veífel, which they cali a Retorta 
then they fet it upon a fierce Fire, by the Forcé of 
which the Salt afeends in the Form of a Vapour, and 
as it condenfes, it drops into a Receiver. And this is the 
Liquor which the Chymifts cali Oyl , or Spirit of Salt , or 
A<yua-Fortls which is ufed to diííolve Metals with. 
s ?9; Faa l n order to kñow how Ajua-Fortis comes by this 

Verted ¡Moa Forcé we muft confider, that the Particles of Sale 
L¡<¡mr. which are very ftiff, cannot be made limber, by being 
.forced tbrough the winding Paffages which are amongft 
the Brick-Duft, but at the fame Time they muft become 
flatter ; and whereas before they refembled little Cylinders > 
they now become like the Leaves of Reeds, with lharp 
Edges on each Side ; and herein confifts the penetrating. 

■ Qüality of Aqaa-Fortis, and alfo its very íharp Tañe fo 
much different from that of Salt, which only affeds the 
Nerves of the Tongue when the Points are applied to 
them, whereas the Parts of Afta-Fortis , cut with their 
Edges. 

4 0 - All that which is produced by Art in the 

°{ d Laboratories of Chymifts, is done naturally in the Bowels 
Vítrioi. of the Earth, where we fometimes meet with fharp and 
corrofive Juices which are like Acpta-Fortis, and which are 
capable of making infinite Variety of Diffolutions of all 
Sorts of Bodies, eveti the hardeft of all. Now it is to 
be obferved, that thefe Juices confift of two Sorts of 
Particles, the one of which are fmaller than the other, 
and that when the Heat which is within the Earth, has 
exhaled the finer Parts of thefe Juices, by which the fe- 
cond Element agitated the groflér ones; the Weight of 
thefe latter muft caufe them to be at reft with refped' 

to 



X¿Tbe Parts of other Saítr^c.) The 
Partidas of Nitrs> when looked upon 
rhrough a Microfcope., appear to 
be Sexangular, chin and Jong, their 
Sides I'arailelogramSjandgrowing íeft 


Hice a Pyramid • one way j from 
whencethe principal Properties of iG 
may eafily. be deduced. See flerefá 
Pbyftcks, ’ Book II, Chap, j. Sefli. 
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¿o each other, and by that Means co become hard Bo- 
dies, in which we may meet with all the Propendes which' 
we fee by Experience are in 1 Mlum> and 1 Vitriol. 

Sí.#######################}!, 
CHAP. V, 

Of Mineral Q Y L. . 


W E ha ve feen by the feveral Properties of Water ofth,t 
and Salt, what may be produced by the crooked ^ a ‘ ar ‘ °f 
Pores like Waves, and alfo by the ftraigbt Pores which 1 ' 
are in the Bowels of the Earth : It remains now that we 
examine what may be generated by the third Son ^of 
Pores, which we compared ro the Branches of Tr?es, * 

And íince there are found in Mines, certáin fat oily Lf- 
quors which wili not eafily run j we cannot but thinfc 
that thefe various Liquors, are nothing elfe but Collecti- 
ons of thefe branched Particles, compofed of the Mat- 
ter of the firíl Element affembled and conCreted in 
thefe occult Pores. 

2. Thefe Colleclions may very well beliquid \ for though . 2- vn y it 
on the one Hand their Parts feem not much difpofed to ¡¡ ¿¡quid. 
flip one upon another, as the Particles of W ater ; yet 
this is made amends for, by their not beíng fo' fitted to ■ - 
approach each other; fo that there are very large Intervals 
becween tbem, which may contain a fufficient Quandry 
®f fubtle Matter to put them in continual Agitation. 
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1. i Allnm.) Later Philofophers 
have obferveda that che Particles of 
tAlliinij „when looked at through a 
Microlcope, appear co be a lítele 
more compadL and co have a fex- 
angular Plain on one Side 3 as íes 
Topj andón theother pppofire Sicje 
a like fexangulut Plain, -witji cwo 
Qiiadrangular Plains lying becween, 
W henee rhey colledl, that it ougbc 
to be aftringentj to harden and 
corrode ; but becaufe che Ends of 
the angular Póints are fomewhac- 
blunc p therefore ic is noefo íharp as 
W o/. 


2. •, Vtiriol.y Concefning che "fOr 
vera! kinds of Vitriol \ the manner 
of preparing the Medicines, &c. 
SeeP/z'wj'j 3 ook 34. Chap. 12. La- 
ter Philofophers have obíerved,- chae 
les Parts are fliarp on boki Sides, and 
•confifts of ten pjain Sides, vOt. of 
.fojjr pancagonal Plains in the Mid- 
dle 3 and three triangular Plains ac 
each End. Whence chey colledf^ 
that k oúghc to, have a very ftrong 
corrofive and aftringent Power, a tul 
co, be the x?i«íl Acid that can ^ 
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. ^ <í 3. Thus the Interruption which there is amongfl: the 

“hmttPatcr P arts oil y Bodies makes them alio to contain lefs of 
their own proper Matter in the fame compaís, than if 
their Parts could be ranged in a better Order ¿ and there- 
fore they ought generally to be very light. 

4. why ¡t ¡j,. And they can hardly be tranfparent, becaufe they 
’Lnnt tra '^~ Kinder almoft all the Motion of that Matter by Means 

of which the Obje&s which are beyond them act upon 
the Eye. 

5 . Why ¡t y. And becaufe the Parts of Oyls are of fuch Figures 
cr'íhanw' as W] ^ not a ^ ow to ílip by one another with eafe, as 
tsrlbUthmt thofé of Water doj and yet fome of them are near up- 
fo bard. on as grofs as thoíe of Water ,• it may happen, that the 

Matter of the firít and fecond Element, may not 
be able to keep the groíTer Partióles in Motion, 
tbough it may have Forcé enough to keep the other 
* fo'- For this Reafon, thefe Oyls may congeal fooner than 
W atar, and yet not become fo hard ; not only becaufe they 
are rare, but alfo becaufe the fubtle Matter, which incom- 
* ’ palles them, is always agitatiñg the Extremities of the 

little Branches of which every ramous Particle of Oyl 
ébníifts j and this makes them to have a kind of Sofre- 
néis. 

. 6 - m .y ’K 6 . It is evident that it muft be very difficult for the 
ve t H p*!.? s Parts of Oyl to gec out of the Pores in which they are 
cfOyitobept formed j and thac it is a very .bad Way to endeavour to 
mttf&dus difengage them by a violen t Heat; for this will rather 
are. break ih Pieces their Branches, than draw them out, and 

by that Means change the Fornpand Nature of them : Is 
is on the contrary, more proper to make ufe of fomething 
- which can enter gently into the Bodies in which Oyl is 

containcd, and feparate their Parts and widen their Pores, 
ib as to give the branebed Particles an Opportunity of Corn- 
ing out of their little Prifons. And this agrees with Ex- 
perience ; for Chymifts have no better Method of draw- 
ing Oyl out of dry Bodies than to fteep them firít in a 
fufHcient Quantity of W ater, and then to diítil the whole 
through an Alembick. 

7. Now Water is themoíl: ufeful for this Purpofe, be- 
caufe it will eaílly and with a modérate Heat afeend in 
<jyl,‘mTthZ the Forra of Vapour, by which Means its Parts will carry 
the E¡pth t ire Parts of Oyl along with them, which otherwife could 
norlvapoms not be moved and put in fo great Agitation as to fly away 
than Exhala- in Exhalatíons, without a'much greater Heat than is pe- 
ceílary to make Water evapórate- and further, the Parts 
of Oyl are fometimes fo entangled with each other, thac 

they 
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afe tn exhale 
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they will burn fooner than exhale alone. And chis is an 
Obfervation worth remarking ; becaule it íhows us, that 
Exhalations cannot rife ouc of che Bowels of the Earth, _ 
buc that they muft be accompanied with a greac Quan- 
títy of Vapours, but that thefe latter may often rife 
alone. 

8. TheNature of all Sorts of Oyl being thus fuppofed, 8- How 

ic is eafy to forefee ; that if there be- any particular Sort ■{“]? ¡{ 

of Oyl, whofe Parts may be broke in Pieces by being dangti 
continually bent backwards and forwards, then every lie- 
tle Branch will be broke into as many little Pieces as it *” t0 ° a " lnt ¡_ 
is made up of; the Figures of which not being fo conve- «m 
nient to entangle each other as they were before, they 
muft neceffarily compofe a thinnerand finer Liquor. And, 
on the contrary, if the Parts of any other Sort of Oyl, 
are very difficult to bréale, they may at laft meet toge- 
ther in fuch a manner, as quite to entangle each other, 
and confequently they will compofe a Body which will 
not be liquid at all. Thus it may happen, that fome 
Oyls which are Itept a long Time, may grow chin, and 
be converted into a Liquor like Water, which is not in- 
flammableas the Oyl was from whence it proceeded ; and 
that other Oyls may condenfe and become a vifcous Bo- 
dy like foft Wax. 

9. While the Oyls are concreting in the Bowels of the N 9 t " tl , r ^ 0 f e 
Earth, and after they are concreted, their Pores may be Mineral s K ¡- 
filled with a foreig^i Matter which is ftopped in them, p *«>-, mcuf 
as, for Inftance, that of the feveral volatile Sales ; and by 

this Means, the fubtle Matter of the firft and íecond Ele- turnen. 
ment being no longer able to enter into thefe Bodies in 
fo great a Quantity as befóte ; they will fo far lofe their 
Liquidnefs, as not to recover the Agication of their Parts 
but by the Help of a confiderable Heat ; Thus their 
Nature will be altered, and they will become hard, and 
ver y heavy Bodies, fuch as Mineral Sidphin-, and the feve- 
ral Sorts of Bitumen taken out of the Earth. 
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CHAP. VI. 


T. Of Me- 
tais and Mi- 
rarais. 
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Of METALS, 


o. That 
pe kriow of 
¿,-ít Je. ven 
Metals. 


A L L B.odies wbich are taken out of Mines are cab 
led Minerals in genéralo and they are commonly di- 
ftinguifh’d' into twq Sorts. The firft Sort are all thofe tbat 
will mele in the Fire. and can be forged upon an An- 
vi 1, and thefeare called Metals ; the other Sorto are thole 
wbich have but one of thefe Properties at moft, and 
they. are called by the general Ñame of Minerals. 

a. The Metals are, Coid , Sihier, Lead , Copper, lro?>, 
and Tin, to which we may alfo add Quhkfilver, notwith- 
ítanding it be generally liquido and not capable of being 
forged : For we place it in the Rank of thefe, becauie 
there are feveral Ways of making it ceafe to be liquido as 
for Example,. by expofing it only to the Smoke of mel- 
ted Lead. It is concerning thefe Bodies onlyo that I in- 
tend to fpeak in this Chapter, and fhall reierve what I 
have to fay of Minerals to the next Chapter. 
of the 3 . And firft, it is to be obferved, That though Salt be 

r^TTtet * ts own ■^ sTatllie ver 7 ^ x ?do yet this does not at all hin- 

¡Ji. J e " der but that it may be moved witÜSfe very great Veloci- 
ty, not only whilíl it rernains in the Pores of the Eartb, 
where it is firft' formed, and where it muí! have as much 
Rápidnefs as the firft Element of which it is compofed ; 
but alio when it paffes out of the Pores of the Earth inco 
other Pores which are a lítele bigger, if no other Macter 
but that of the firft Element be íuffered to furround it : 
For then, when it has loft a great Deal of its Motion, it 
will acquire it again, for the fame Reafon, that we fee 
Water does, when it is mixed with Lime, and enters 
inco the Pores of it. What I have now faid of the Parts, 
of Salt fingly, is to be underftood alio of the Parts of 
Salt, Water and oily Subftances mixed together. We ap- 
prehend therefore, that all thefe may be moved together, 
and go along through íuch very ftrait Paílages, that 
they have no room to turn either to the RightHand orto, 
the Left, but only to move diredly forward all together j 
whence it follows, that being at reft with refpeíf to each 
o;her, they will form thofe little hard Bodies which \va 
imagine to be the competent Parts of Metals;. 

4- It 
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4. It is to be obferyed further, thac-í0^'Sorts o£,lit- 

tle hard Bodies, muft generálly be forníed very' deep in <L 

the Earth, where the Earth** it felf is very folid, and UmeU éj the 
where fuch Sorc of Bodies as are neceftary to form them Ear ‘A . _ 
muft confequently be found; rather than towards its Su- 
perficies, where its Parts are difunited, and at fuch a • 

Diftance from each other, that the Air and a great many • 

other Bodies di fferently agitated, can get in betwixt them 
and hinder them from generating any thing that is fixed, 
as the componen: Parts of Metals muft be. 

5. Now it is eafy to apprehend, that the Vapours and 

Exhalations which afeend out of the Bowels-of the Earth they may te 
with fome Rapidity may fometimes pafs through par- Í ¿°^‘° eí th 0 f 
tic ular Places, which though they be indeed very ftrait, Earth. 

yet may be wide enough, compared with the fmall 

Parts of Metals which are brought thither out of thofe 
Pores in which, as in fo many Moulds, they were formed 
and Iodged- By this Means, thefe fmall Parts are brought 
up very near to us, and ñopped in the Sand and other. 

Parts of the external Earth, which is within our Reach, 
and which Mens Curiofity have led them to fearch into y 
and being Iodged there, they compofe thofe Veins of Me- 
tals which are afterwards refined by Art. 

6. When the Parts of Metals are mixedcwith an ear- 6. That 
thy Powder, there is no doubt but that Fire is very pro- Fire is ,ut 
per to fetch them out and to refine the Metal, be- 

caufe it wijl eafily difperfe all that which is not metallick y yate Metait 
But if the fame Parts ftick in any Matter which is very 
hard, and whofe Hardnefs they increafe by filling up its t ¡ r . 

Pores,- it will be to no Purpoie to make ufe of the Forcé 
of Fire in order to difengage thefe Parts -pAbjecauíe 
Fire will not difperfe any Matter which reñftsAftyyery 
much, without corrupting at the fame Time ^nj^gffflng 
into Smoke a great many of the metallick Parts. uFor 
this Reafon when any valuable Metals, fuch as Gold by 
Silver, are to be feparated from any terreftrial J\<!atter 
which is very hard, there ypuft be fome Artífice made ufe f. 

°f. ' ; A' 

7. But whatever the Manner of refining Metals be,- ¿y7v 
the Metal it felf cannot but be very heavy, bec-aufe th 
Parts of which itis compofed, being very grofs and folid, ; 

that which is compofed of them, muft confequently be y. .7 • . 
very weighty y and for the fame Reafon it muft alio be 


ib hard, as not to be mad? liqu.id but by Means of a 
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9, Where - 
in it dijfeYs 
from other 

Metals» 


jo. That 

it is not 
abfoltitely im- 
pojjible to 
turn Lcad 
into Gold. 


ir. 'Bnt 
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S.- However, it may happen, that the Parts of a Me- 
tal may be fo fmooth and fo wel! polifhed, and alfo 1 of 
fuch a Figure, that they can touch one another in a very 
few Places only : In this Cafe, they will compofe a 
liquid Body ; becaufe the Matter of the firft Eiement, and 
fome of the fmaller Partióles of the fecond Eiement, 
will continué to flow amongít them, and fo keep them in 
fomekindof Motion. 

9. This Obfervation is very well worth remarking; 
becaufe it explains to us that particular Quality which 
rnakes 6 }ukkjilver to differ from other Metals. And as 
to the Differences obferved in Metals, we may affl rm 
in general, that they all confift in this ; that their com- 
ponent Parts are of different Bigneís, of difFerent Solidity, 
andof different Figures. 

10. It is therefore no Contradidion in the Nature of 
Things, that by adding to the Parts of fome cheap Me- 
tals, lome other Parts of Matter, which may caufe them 
to be like the Parts of a valuable Metal, fuch a Tranfrm- 
tation of Metals may be made, as fo many Chymifts have 
wifhed for, and which fome of that Profeflion have de- 
clared that they have found. 

11. But becaufe we do not know particularly what the 
Figure and Bignefs of the fmall component Parts of Me- 
tals and other Ingredients which go to make fuch a 
Tranfmutation, are¿ neither is the Secret of uniting them 
together, as yet found out; we muft think, that if it be 
true, that fome Chymifts have now and then converted 
Lead into Gold, it was by juft fuch a Hazard, as if a 
Man fhould let fall a handful of Sand upon a Table, 
and the Particles of it fhould be fo ranged that we could 
read diftindly on it a whole Page of Virgih JEnead. It 
is therefore great Folly to attempt to find out fo great a- 
Secret by Reafon or Art j And there is fcarce any Thing 
more certain than that thq Perfctn, who would try to 
hit upon it by Chance, in mabinga great Numberof Ex- 
periments, will be ruined firft. 

12. NoWi 


i. Of fuch a Figure, &c.) It is 
probable that the Particles oí ¡Oiiick- 
fihcr '.-¡xi\glob:dar) or cylindrical ; 
Which' if they Be, yóu'máyfee how 


the principal Phtenomena of it are 
to be explained, in Clero’ s Phyficks, 
Book Ií. Chap, 4. Se£l. 39. 
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12 . Now if we confider that the Parts of Metals are 
ver y folid, we muft conclude, that they will refiít the 
Adtion of Light, and confequently reflect ic vvith its whole 
Motion ; whence it follows, that when Metals are well 
polifhed, they ought rather to appear briglit than colour- 
ed. 

13. However, Gold and Copper appear each of 
them to- be of a peculiar Colour, the one looking yellow 
and the other red. But this may proceed from 
henee, that the component Parts, which confift of 
original metallick Particles aíTociated together, 1 are 
bigger than the component Parts of other Metals, and 
that the Interílices which are lefc between them, make a 
coníiderable Alteration in the Reflexión of the Light. 
And jndeed if there be as much Pains taken to burnifh 
Gold, as is taken to burnifh Silver ; that is, if the Parts 
of the Gold which ítick up higheffc, be fo ground down 
by what Artifts cali a Blood-(hoite, and be made as level 
as can be with the reít; and che Gold be then looked 
upon with a Microfcope ; it will appear very rugged and 
uneven, and like a great Numjber of linde Mountains 
ranged on each Side with their Valleys betwixt them; the 
Situación .of which is fuch, that if the Light be refledted 
from the Tops of them to any particular Place where 
the Eye is, there will be none refle&ed to it from any o- 
ther Parts of their fmall Superficies. 

14. This ¿ Intérruptión which there is between the 
Parts of Gold, is the Reafon wby it will very freely per- 
mic the Edges of Tools to enter into ic, and confequent- 
ly, why it is eafier cut than other Metals. 

xy. It may without doubt be conceived, that Metals 
may have all thofe Properties which we have mentioned, 
and yet their component Parts not be made up of thofe 
Particles which we have faid they are made up of: But 
then it is not fo eafy to account for the Experiments of 
Chymiíts, who by the Refolution of Metals, can draw 
Sale and Sulphur out of them : So fhat the Operations of 
Chymiíts help to cónfirm what we have advanced. 
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14. Why 
Gold is eafy 
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by Chymicúi 
Operations c 


I . Are bigger than the component 
Parts, &c.) See the Notes ón Chop . 
XXII. xArt. iR. of the firjr Part. 

í. Interrupción which there is, &c.) 
And makes k to be difícil ved by 


i ó. But 

\Ae¡na Regia, which will not dik 
folvé Silver. See- the Notes on 
Chao. 22. £art I. Art. 17a and 
18. . 
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i &■ wíj 16. Bu: how$yer chis be, we cannot bu: think that 
j ff *™ the componedlas of Metals are íong; otherwife we. 

cannot undérfend how Metals fftould be fo dudtile as 
they are, whéther they be 1 forged ' upon an Anvil, or 
drawn thróügha wire-arawing Iron j whereas, if we fup. 
pofe them' to' be l'omewhat long, it is eafy to conceive, that 
when they are preffed on one Side, they will ílip fide^. 
ways of eách ocher without quite feparating. 

%7 .my 17. Further, it is not poíííble to conceive, that when 

¿iiuis that a Piece of Metal is - continually preffed upon one Way 
fm¿d are the Parts of it fhould be able to lye crofs ; on the coqtrary, 

h Jrdei to we cannot but think, that they muft neceíTarily fo order 
heakLength- themfelves as to place themfelves by each other’s Side, 
map ' and correfpond Length-ways to the Length of the whole 
Piece, which will make ir eafier to bend that Way 
than any other } And this agrees with Experience : 
for Metals which are beaten into Rods upon an Anvil,, 
or drawn into Wire through a Wire-Iron, are very 
ftrong Length-ways, but Breadth-ways they are many 
Times eafier to break than Workmen would have them, 
And we obferve Strings in them, as in the Slip of an O- 
zier. 

iS. nis 18, Thefe Strings ought notto be in Metal that is caft 
Vrcpcny and has not been forged : And fo we find that caft Metal 

¿fia íletal * S 3S ea fy t0 ^ rea ' C 0ne Way aS an Other. 
that ¡¡ mí 19. Steel, which is nothing elfe but fine Iron, is capar 
forged. bleof being made the hardeft of all Metals; The Way 
Sieefis^'m- ma ki n g it fo is this; only to heat it red-hot in theFire, 
í'ertd. and then throw it all at once into Coid Water i and this 
manner of hardening is what they cali tempering it, and 
this makes it capable of cutting or at leaft of breaking all 
Sorts of Bodies without Exception, even Diamonds them- 
felves ; For it is certain they will break in Pieces with a 
fmall Stroke with a Hamrper if it hits righc. 

ío. why 20. In order to account fbr this Effed (which per- 
fs7oTJd te ‘ l ^ a P s ’ s one °* r r ^ e mo ^- a dtnirable, and doubtlefs one of 
“ r ' the moft ufeful Properties that v/e kqowj we muft fup- 
pofe that the Heat of the Fire, whic-h makes the Steel 
almoft ready fo mek, pufs the fmall Partióles, which 
each component Part is made up of, into Motion, and 
thereby caufes the Particies of the two neareft compo- 

r.cnt 


s¡ , Iforged qpon an Anvil-, &c.) 
ct An Ounce oí which (ytz. Golfa) 
* l is fpread into feven hundred and 
lihy Leayes and above, of four 


* Inches Ereadth each Way. ’* P//V*. 
Book 33. C-hap. 3. But conce^ning 
the Duftíle-nefs of Gold, 5 ee Chafa 
9. Part I, iArt. xo : . and 1 i. 


Chap. 6. of- Natural P h'í l o s o í> h y. i 5 y 

nene Parts, (v^bofe Diftance frotn eacti otHW was veíy 
Imall, thougíf-faWenough) to approách a liítlé .n^árer one 
another, Js'that the Metal becomes inoré' ünifóftn than 
it was before ; after this, being caffi on áíuddéiíínto the 
coid Water, the metallick Parts 1 -lolc the Mdtion they 
were in, before they have Time to gátheT fb^ether a- 
gain into grofs component Parts, with cónfidéf^blé Inter- 
vals between them : Whence it follóos,- that- tile Points 
or Edges of Gravers and the Teeth of Files can only ílip 
over them without entring ínto them. 

. 21. And in order to reduce tempered Steel to the it. a» 
State it was in before, we need only heat it red-hot again 
in tfié Fire, and let it cool gradually ; ■ for ‘ then the Parts 'nTim¡L 
which were uniformly j.oined together, will have Oppor- 
tunity. of retmiting in a^greát many little Malíes or Grains, 
and leaving as lafgé Intervals ’betweeny as chere was be- 
fore the Steel wás'tcmpered. 

22. Irón-is capable of being hardened almoft as much 22. 0/ 

■as Steel, prqvidéd it continúes in the Fire longer than 

'Steel; before it be put into coid Water; and the Reafon »^Cjíí* 
why it múft; continué longer, is, becaufe its Parts are tama 
more fixed ; ' and of this we have a fufficient Proof, be- ic tem l erci ’ 
caufe Iron is harder to melt than Steel. But other Me- 
tals cannot be tempered in this Manner, at leaft by thena- 
felves without any Mixture, becaufe a violent Heat, can- 
not put their Parts a little in Motion, fo as to range 
them differently, without quite melting thém. 

23. Wefind that a Compofition *c 5 f Copper and Tin ^aj. How* 
is very hard and brittle, thouglieach ’ó'f'thefe Metals fepa- 

rately is eafy to cur, and'will eafily bend without br'eak- ííttai, w.,y 
■ ing ; the Reafon of Which 'is, becaufe their different Parrs beu,m harA ‘ 
being uniformly mixed together, unite in very fmall Malfes 
or Grains ,• whence it follows that they cannot be fo clofely 
conneded together, in the fame manner as a Wall built 
with fmall rough Stoiie is not fo compaft as one built 
with large cut Stone : And for the fame Reafon, the In- 
terñices left betwixt them, are not large enough for the 
Edges of Tools to enter into; fo that they can only ílip 
over them, without loofening any of the Parts. 

24. We obferve alio, that Metals are very fubjed: to 24 y rat 
Ruñ; Now Ruít is nothing elfe but a Diforder of Ruj? is r,n- 
their Parts, caufed by the Aétion of fome ftrong Li- 

quor, which- is in great Agitation, the Parts of which oÜa'óf tht 
get into the Pores of the little Malíes, like fo mariy ■metaiBck 

W edges ; p ‘ irts ' 

X* >Lofe the 'Mvtion , See Hobl’s Mjwgraphy, Olfcrv, 9, 


15 8 " ROHAULT’s System Patt ÍII a 

Wedges : And becaufe thefe Pores are fmaller in Iron 
and Steel when they are tempered than vvhen they are 
not, ancl for tbat Reafon ir is tben more difficult for o- 
ther Bodies to enter, - we likewife conclude, thac they 
are not ío fubjed to Ruft. 

* s t0 ' 3e °^^ erve< ^ ^at r ^ e nifty Partióles of 
Muai, hir. Metals are not entirely corrupted. For thofe which 
not ahvays come ofF of Copper, for Inftance, which we cali Verde- 
TJptldby 7 ' & rea fe> may afterwards be converted into Copper a- 
Rnji. _ gain. 

h r Zf 2 ^at ’Aerdegreafe which is made of Brafs, fhould 
Copper <m°d afterwards be converted into Copper and not into Brafs, 
~Br<ifs is the is no way inconfiílent with what has been faid : For 
[ame. Brafs ¡ s not a rea i Metal, buc only a Compoíition of Cop- 
per, and a certain fuíile Stone call’d Lapis Calaminaris , 
mixed together in the Fire. And it i s probable, thac 
the Verdégreáfe is made only of rhe Parts of the Copper 
and not of thofe of the Lapis Calaminaris , which is mixed 
with it. 

¿ 7 . T he 27- i fhall finifh what I propofed to fay concerning 
Mannn of Metals with an Explicación of the Artifice made ufe of 
Zi'siZZ by c ^ e Spaniards in Pene, and other Parts of Ainerica, to 
feparate the Gold and Sil ver, from the Dirt and Stones 
which theíe Metals are found mixed with. Firft, they 
beat to a Powder in Mortars, the hard Stones which 
they dig out of the Mines ; then they pour in as much 
clear Water as is fufficient to make a very fofe Pafle, 
which they fprinkle with a little Sale and Quickíilver, and 
then they beat them up cqgether for a considerable Time. 
After this, they wafh the Mixture in ícveral Waters, which 
feparate all that is not Metal from them, and the Gold 
or Silver appears at laft like an Amalgama, as the Chy- 
mifts cali it, with Mercury, which is afterwards made to 
evapórate with a modérate Heat : And then the Metals 
become like Adíes, which they turn into Ingots, bymelt- 
ing them in a Crucible in a very fierce Fire. 
r g Ti¡e 28. This Method of refining Gold and Silver, is.very 
p *fL „f eafy to apprehend ,• For it is evident, that the whole Se- 
t hh Method. cret is nothing elfe but to break the fmall Inclofures, 1 in 
which the Particles of the Metals are contained ; and the. 
Water and Sak -do the fame Office here, as the Water . 
aloné doés, when dry Plants, out of which we would 

• 'dVáw Oyl, are fteeped in it. And as to the Quickjifaer, it 
Térves to unite and gather together a great many Parts of 
thefe Metals, which would otherwife be in Danger of 
runningoff with the Water, as they are waíhed. ' 

• . CHAP. 
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CHAP. VII*. 


Of M I N E R A L S. 


I. That 
tbere are a 


T HE RE are a great many more Thlngs which need 

to be expkined in Minerals than in Metals, and , many 
there are alfo a much greater Number of them. For 'more Thmgs 
we reckon but feven Metals, whereas there are an 
innumerable Quantity of Minerals ,• I íliall here fpeak t0 mí- 
only of what feems to me moít probable with Regard nnau, than 
to the Nature of thofe which are moft common. ToMcíau! 

2. Though 1 thofe Places in the Earth where Metals 2. sw 
are formed are ver y much preífed upon by the Weight fff 0 ? 
of all that terreftrial Matter which is betwixt thefe ^ n e f orm tik 
Places and the Surface of it, yet thofe Parts which are 
near the Surface are fo little preífed upon, that they 
are feparated from one another by an infinite Number 
of Chops and Cbinks, which are open every W ay, and 
which give a free Paífage to Vapours and Exbalations, 
and to a great many other Parts of Matter which are 
put in Agitation, by the Heat which is in the Bowels 
of the Earth : And becaufe it is the Property of Exha- 
lations to mix themfelves very eafily with thofe very fine 
terreftrial Particles, which they themfelves loofen ; they 
muft compofe a great many little Heaps, the Parts of 
which, after having been differently agitated amongít 
each other, will agree to move all the fame Way at laft, 
which will caufe them to be at reft with refpeá to one 
another. After this, the Body which is thus compofed, 

having 


I . Thofe Places in the Earth where 
Metals are formed, &c.) There is a 
very remarkable Paflage in Várenl- 
as which íhows us the iriward Con- 
flirution of the Earcb for a confide- 
rable Depth, which becauíe itisvery 
well wonh .Obfervation l íhall here 
tranfcribe. , c Upon digging the 
* Earth, lome time ago at Am- 
' c Jierdami two hundred and thifty 
‘ two Foot deep, in order to make 

5 a Well, the following Sorts of 
' Earth were obferved Garden- 
c Mould feven Foot i black Earth fit 
‘ ÍO btirn 3 which they cali Turf 

6 (íhough ic is ñor the 'true Turf) 


, c nine Foot; fofc white Clay nine 
c Foot ; Sand eightFoot y Earth four 
c Foot ¿ Sand, upon which the Houfes 
c at Amfierdam are built on Piles» 
‘ ten Foot ; Clay two Foot; white 
‘ Gravel four Foot ; dry Earth five 

< Foot i muddy Earth one Foot ; Sand 
6 fonrteen Foot i fandy Clay tbree 

Foot j Sand mixed with Clay five 
e Fo^t i Sand.mixed with Sea Shells 
c four Foot ; after that a Clay Ground 

< to the Depth of a hundred and 
c r'wó Foot together i and at laft Gra- 
« vel for thirty one Foot inore where 
c the Diggrng ended. ‘ Varcrims] Gso- 
graphj, BookI. Prop. 7 . 
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having a Forcé fufificient to put the Matter which fur- 
rounds it in-Agitation, will by Degrees transfer all its 
Motion tbífthis Matter, and ar laft be at Reft, being 
forméd irttofeaíFigáre very nearly round. And this, i n 
my, Opinión, is the Method ín which ¡i Grnm of Sand is 
-forméd, and in the fame Manner innumerable Grains 
may alfo be formed. 

5. The ' . 3. Thefe Grains are heavy, becaufe they are compo- 

GrainTof f e d °f terre ft r ' a l Matter, and they are hard becaufe 
Sand. wichout Motion They muft be tranfparent becaufé 

the fmall Globules of the fecond Element, by which 
they were agicaced at firit, keep open the Pores for them- 
felves to pafs through : However, theíé Pores are not 
fo many, büt that there are a great many íolid Parts alfo 
to reñect the Light,- and becaufe their Superficies are of 
different Roughneis and differently uneven, this caufes 
feveral Modifications of the Raysof Light, and malees the 
Grains of Sand to appear of all thofe different Colours 
which we obferve in them.. 

4. Hi» 4. The Produótion of Cíay is not a't all different frorn 

{r °~ ^at ^ anc * > on ty that t ^ e Partióles of 

Clay are vaftly finaller, fo as to leave very little Inter- 
ffices betw'één them, by which Means it is very diffrculf 
for Water to penétrate them. 

y. The 5. Becaufe" the Parts that afe broughf u'p out of the 
feví™ Sbru P art h are nbt at all exaítly alike, ñor every where in the 
of "and and fame QuandtyV and becaufe alfo the Vapours and. Exha- 
la/- lations 'wBitÍTbring them up, are not the fame every 1 
where f it evidentiy follows, that the Grains of Sand 
and Clay,. cannot be of the fame Bigneís and Quality e- 
very where. 

6. Why a 6 Though every fingle Grain of Sand be traníparenf, 
Nr.mbcrof y e '¿y a g real - Number of them together compofe an o- 
eZiíTTom- páke Body : For the Light in paffing through them 
peje an .epake going feveral Times out of Air into Sand, and outof Sand 

into Air alternatively ; every Superficies refiSeóts foroe 
of the Rays continually, fo that at laft, there is none left 
to go on that Way which they at firft tended. 

7. Uom 7. Now if the Matter of which a fingle Grain of 
F fí l 1 ts 'fiy Sand is made, meets together in fo great a Quántity. as.to 
imnds are* compofe a Mafs of any confiderable Bignefs, ' this Mafá 
prodneed. will be tranfparent, and according to the Degree of Hard- 

nefs which it has, and the particular Rangement of its 
Parts, it will either form fome Flint-Stone, or Cryftal, of 
Diamond. 

8; Thougli 
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8. Though all thefe Bodies are very hard, yet they muft 8. vn y 
notwithftaading tíiat* have been originally liquíd ; And that a p™f e¡ 
thcy were ío appears from henee; tbat they are all of jiaiar/sc. 
thetn of thát Figure which Drops of Liquor of the fame l ^‘ °ffi* 
Bigneís, oughc to be ; and alfo from henee, that when a ‘ 
great many Pieces of Cryftal are found together, as they 
very often are in the Mountainsof SwiJJcríand, and in thofe 
in the Milanc-fe, they are all of the fame Figure that little 
Balls of Pafte laid one upon another and jFeífed tdgether 
by their o wn Weight would be : For as every Piece of 
Cryftal, is furrounded and compreííed betwixt fix others, 
fo it is fqueezed into « a Body with üx Sides very nearly e- 
qual. 

• 9. Ic may alfo happert, that fome metallick Parts may 9 . 
üiix themfelves with the Matter of which all thefe are Jtnei , »/ 
compofed; andif fo, this will caufe the Light to have par- c °~ 

ticular Modifications given to it, as it falls upon or paíTes nenued, £ “ 
through them, and then the Rays may excite the Senfa- 
tion of different Colours in us : Wherefore inftead of 
Cryftal, Flints, and Diamonds, we may have Emralds, 

Agats , Jopazes, Rubíes, Saphirs and fuch like Jewels. 

10. Whac is here faid concerning the Fortnation of 1 a.ACon- 
thefe Sorts of Bodies, may be confirmed from henee, 

that Art, which imitates Nature, cannot make Glafs [JJ 
or artificial Cryftal, without a large Quantity eíther of " rB "s ¡be 
Sand or Flint difíblved by a violent Heat, the melting 
of which is promoted by the Aihes of Kali, or tépn, and J 
fuch like Plants which contain a good deal of Salt in 
them. And Enamel, which refembles precious Stones, 
cannot be made without adding a little Metal to the 
Matter of which it is compofed, which would other- 
wife be only Glafs. 

11. But it is to be obferved ; that in order for Ciyftal ti. That 
and fuch like tranfparent Stones to be formed and gene- Cr yfi al » 
rated in the Bowels of the Earth, they muft not firft be GraíJí^af 
hardened into Grains of Sand : For though fuch Grains Sand airead} 
might afterwards be foftened in the Bowels of the f ormeii - 
Earth, they could never unite together again, without 

leaving fome Interftices between them which would 
hinder them from being tranfparent. 

Vol. II. L 12. It ■ 


1» A Body xoitb Jtx Sidas very 
nearly cqhal, &c.) * c Ic is noc eaíy 
“ to ouc a Reaíon why ic is ge- 
tc nerated with fexangular Sides, and 
l< the racher becaufe thePoincs areof 
? differenc Sores, and the Sides are 


« fo pertóly fmooth, as noc ro 
« e be imitaced by any Are whacíb- 
te ever. * Pliny 37. 2. Buc for che 
Reaíbn of rhis, See the Notes on 
Parí I. Chap , zz. Art %it 
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12. Ic is noc eafy to underítand how Grains of Sand 
fhould be foftened, bat they may eafíly be joined to each 
other by fome terreftrial Matter which gets into the In- 
terlinees that are betwixt them, and fo compofe a Flint- 
Stone. 

13. There is no doubt but that in feveral Parts of the 
Earth, terreftrial Matter is carried up along with the Va- 
pours : For we fee that the Waters of a great many 
Fountains, though they are very clear, 1 yet contain fuch 
a Quantity of thefe Exhalations, that in Time they ga- 
ther together into a large Heap. Thus the Waters of 
the Fountains of IJfí and Arcueil, contain fo great a 
Quantity of titeen, that they ítick to the concave Super- 
ficies of the Pipes through which they run, and form a 
Sort of Stone very hard and heavy. 

14. When the Parts of Clay are thus faftened toge- 
ther by the Matter which ftops in and filis the Interfii- 
ces, they compofe Stones 3 which have different Qualities 
according to the particular Nature of the Clays which are 
found in different Countries, and that of the Matter 
which unites them. This appears from henee, that we 
find Stones in Quarries, where fome Years before no- 
thing was digged up but Clay. 

15. There is no Difference between the Produdtion of 
Marble and of common Stone, but only this 3 that the 
Clay out of which it is made, confiíls of much fmaller 
Parts, which líe a great deal clofer to each other, and 
coníequently the Interdices between them, are more ea- 
fily filíed by the Exdaalations which ítop in them 3 fo that 
the Compofition is more clofe and compaót than other 
Stones. Whence it muít be ver y hard and capable of ta- 
king a good Polifh. 

' 16. From the Nature of Stones both precious and 

common which we have herc laid down, I don’t fee how 
we can deduce certain Properties which are mentioned 
by the W riters of Natural Hiftory : As, for Inftance, 
that a Blood-ítone, worn by a Perfon who has the Bloody- 
Flux, will ílop the Diftemper^ and that other Stones will 
cure other Díílempers. And therefore we find by re- 
peated Experiments, that thefe Sorts of Properties are 
íalíely aferibed to the greateft Part of thefe Stones. But 
it is not fo with refpeát to the Load-Jlojie 3 for almoft all 
the Properties thereof related by the Ancients, are 

found 

1. Tct contain fuch a quantity of them , &c.) See the Notes below 0® 
Chap. S. Art. 13. 
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found to be true ; and we have moreover found more 
furprifing Thisgs in it, tban were known to the Ancients ; 
buc fo extraordínary a Subjedt, demands to be treated 
of by it felf. 



CHAP. VIII. 

Of the LOAD-STONE . 


f TpHESE Stones, which are very much of the Colour *• mal 
of Iron, but much harder and heavier, are taken out tímdwhmce 
of the Iron Mines ; they are not all of the fame Bignefs, it ti taken, 
ñor of the fame Figure ; for they are found of all Sorts 
of Figures, and cf different Bigneífes. The firft Effeíts 
taken Noticeof, were fo furprifing to all the Philofopbers, 
that it was impoílible to have forefeen fuch, upou their 
Principies of Reafoning : But not to contend with them 
now, concerning the litde Foundation they had to go up- 
en, and to íhow the Strength of what I formerly laid 
down in the firft Prut of this Treatife, I iliall do here as 
if I were the firft that had made any Obfervation about 
the Load-ftone. And in the firft Place I ílaall reckon up 
fome of its Properties, which I fhall content my felf, with 
only affigning a probable Reafon for ; and after that, I 
íliall endeavour to eítabliíh the Tmth of my Conje&ure, 
by fhowing that all the Confequences that can be drawn 
from it, agree with Experience. 

2. The firft fuprifing Thing in the Load-ftone, and 2. That 

which perhaps was firft found out by Chance, is, that if L ™ d -* 
it be placed at a certain Diftance from a Piece of Iron, * 

the Iron will move out of its Place, and go and join it 

felf to the Load-ftone, and that fo ftrongly, that it will re- 
quire fome Forcé to feparate them from each other again. 

And thds it is faid, that the Load-ftone draws Iron. 

3. Now in order to fee if this Attraófion be Reci- 3 . that ' 
procal, we muft contrive that the Stone may be eafily 
moved, which is done by putting it on any light Thing jf me frf 
in the Shape of a Boat, and then letting it fwim on the 

Water. After that, if we hold a Piece of Iron at a cer- 
tain Diftance, we fhall fee the little Boat move on the 
Water, and the Load-ftone come and join it felf to the 
Iron. 

JU 2 > 4. The • 


J¿>4 
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s. That 
íht Load- 


4- Th *‘ 4. The carefully making this Experimentj has occafioned 
jtone^endéa- D'fcovery of another Property of the Load-ftone, 
voun ío; tmn as furprizing as any of the former ; and that is, that 
F °J," ¡¡ ‘ in t when the Load-ftone is alone in its Boat, and at Liberty 
'Jt paríLu - 0 to place it felf in that Situation which is moft convenient 
/-ir Sitnatim. for it ■ it always has a Tendency one particular Way, and 
turns it felf towards One Part» and feems by that Means 
to affed one particular Situation in the World. For it 
always turns one of its Sides towards that Part of the 
Hovizon which we cali, the North, and the oppofite 
Side to the South : And thefe two Parts of the Load- 
ftone are thofe they cali its Toles, and the ftraight Line 
which is luppoled to go from one Pole to the other is 
called its Axis. 

5. One of the moft furprifing Properties of the Load- 
(ims commit ^ one Y et * ' S) that it communicates thofe Properties now 
nictt's us mentioned to the Iron which touches it, or which comes 
properties to within fuch 1 Diftance of it : Infomuch that a Piece of 
Iron which has been touched by a Load-ftone, or which 
has paífed very near it, will lift up another Piece ; and 
has alfo its Poles, which turn towards the fame Parts of 
the World that the Poles of the Load-ftone do. For 
In (lance, a Knife which has been rubbed upon a Load- 
ftone, will tafee úp Needles and Nails of Iron or Steel, 
and the Needles of Mariners Compafíes will turn to- 
wards the North and South, and the Extremities of them 
will point to thofe Parts. 

6 . That 6 . Upon this Occafion, I fhall make fome Obferva- 
‘atlh’e a‘ U ^ ons c hat are § reat f m P ortance - And the firft is, 
"pcZ? to lift that a Knife rubbed upon a Load-ftone, will have more 
«p a Urgcp or lefs Power ro lift up Iron, according to the Part upon 
which it is rubbed ; and that it will lift up moft of all, 
when it is rubbed upon one of the Poles, and moved up- 
on it Length-ways from the Handle to the Point. Thus 
if the Body G reprefents s> Load-ftone, the Poles of 
which are A and B ; the Knife CD will acquire the 
greateft Forcé of all to lift up Iron, if it be drawn along 
the Line FE, fo that the Part neareft the Handle, touch 
the Load-ftone firft, and the Point touch it laft. 

7. The fecond Obfervation is, that if, after it has been 
touched upon the Load-ftone in this manner, and acqui- 
red the greateft Virtue to lift up Iron, it be rubbed the 
Way, ¡t will contrary Way, that is, if it be moved upon the fame 
yfrtne which [ he Load-ftone, from the Point to the Handle ; 

it had «««/- we íhall with furprife find, that it will in a Moment lofe 
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all the Virtue which it had acquired, and not be able to 
lift up any Iron at all. 

8. Thefe Obfervations regard che Attr active Virtue of 8 , r ' nat tht 
the Load-ftone, as itf is called ; buc as to the Direttive 
Virtue , that is, the Virtue by which ic places it felf in a not tnrrj it 
particular Situation with refped to the Heavens ; it is' to f' lf t0 . ,k f 
be obferved firft, that che Point of the Needle of a Com- nZL'mi ‘ 
pafs, which has been touched upon one of the Poles of a nhhh the 
Load-ftone, turns to the oppofite Part of the Heavens “ V /h 
which the Pole it felf turns to. For Inftance, if one turns tonar ds 
Endof the Needle touched the South- Pole of che Load- 
ftone, that End will tura to the North. 

o. We may obferve further., that what has been wrote 9- That 
by fome Perfons, viz. That the Point of the Needle 
which has been rubbed upon the Load-ftone and turns which t«mt 
towards the North, raifes itfelfup towards the Pole-Star, // 
is not true ; but on che contrary, it bends towards the Jn C ¡ 

Earth, as if that Side was become the beavieíl. the 

lo. The Needles in CompaíTes are byno Means pro- E ™ h ' what 

? er to fhow us how much this Inclination of the North- the 'g^amity 
’oint towards the Earth is, becaufe their Center of °f thil h ‘ cli ~ 
Gravity isa great Way below the fixed Point upon which nat ' on 
they tura : Wherefore I caufed a Needle to be made 
very ftraight, and through the Middle of it I put a fmali 
Brafs-Wire at right Angles to it, which ferved to fupport 
the Needle upon two fmal! Pivote, in the fame manner as 
the Beam of a Ballance is fupported by cheHandle; both 
Sides were equally heavy at firft, fo that it continued ex- 
aótly in ^Equilibrio, but after it was touched by a Load- 
ftone and placed in the Plain of the Meridian, the Pole 
which was turned towards the North, weighed down on 
a fudden, and did not ftand ftill till it inclined to the Ho- 
rizon near feventy Degrees. 

xi. Thefe are fo many of the Phaenomena of the t n.That 
Load-ftone, as are. a fufficient Ground for us to argüe 
upon, in order to find out what the true Nature or it f X rp,ijingin 
is and that there rnay be no Miftake, we muft take care a “f'”'. 
not to mix our own Prejudices, with the Fa&s and Ex- 
periments. Wherefore, to fpeak fincerely, and not to be cal Mam. 
over-hafty in judging, we muft freely own, that all the 
Experiments which have been made of the Load-ftone, 
and which have raifed our Admiradon io much, are uo- 
thing elfe but local Motion : Thus, for Example, wnen 
we fay that the Load-ftone draws the Iron, we can 
di feo ver nothing elfe by our Síghc, but only that the Iron 
moves henil] towards the Load-ftone ; fo likewife, wherj 
L 3 ws 


S66 ROHJULf’s System Part III. 

we fay, thac the Load-ftone has a Tendency to one par* 
ticular Situación in the World; all thac appears to us is, 
that when it is out of this Situation, it moves it felf lo- 
cally till it is goc into it, and then ic continúes at reft. 
This being granted, we may afErmwithTruthand Con- 
fidence,- that to fearch out whence the Properties of the 
Load-ftone proceed, is nothing elle, butonly propofmg to 
our felves to find out the Caufe of certain lecal Motions 
which are made when the Iron is placed near the Load- 
ftone, or the Load-ftone near the Iron. 

n. The 12. And in order hereunto, if' we look back to the 
f g enera * Caufes of Motion, that is, if we examine what 
y . .¡o. ■ t ^ at ¡ g nrakes a Body which was not in Motion 

to begin to move, we íliall find that Philofophers gene- 
rally afligir two Caufes, m. Impulfe and Aítraftion. The 
firft of thefe we can clearly conceive, and it follows 
from this Principie, acknowledged by every Se£t of Phi- 
lofophers, That the Parts of Matter are impenetrable by 
each other , and that a Body cannot move towards any cer« 
taln Place without pujhin g forward or difplaríng other Bo~ 
dies which are in its Way. 

13 .That' 13. AttraSión, calcen in the Senfe of Philofophers for 

f C "hecVr a P a, 'dcular Caufe of Mocion difterent from Impulfe , is 
tf Motion. as was before obferved, a Thing very obfcure, or rather 
a Thing that we have no Idea of. For though we may 
imagine that there are fome particular Sorts of Mocion 
which may very well be explained by AttrcMion ; yet this 
is only becaufe we carekfsly afcribe that to Attraftm, 
which is really done by Impulfe. Thus when we fay that 
a Horfe draws the Chariot to which he is harneffed, it 
is really no more than this, that the Chariot is fo faft- 
ened to a Collar, that the Horfe cannot bear forward but 
he muft prefs u pon the Collar, and confequently move 
the Harnefs and Chariot which are fixed to it. So like- 
wife, there is no Difncuity in the ufe of Syringes, Pumps 
and Syphons, when we once come to underftand, that the 
Motion of heavy Liquors uptvards ¡s really done by Ins- 
ptdfe. 

14. h ís 14. I do not now undertake to prove that the At- 
pohMc thr.t traillan fpoken of by Philofophers, is a Thing purely 
¡he Load- ° chimerical ; that w 7 ould carry me too far from my Subjetft. 
f.me are pro- But becaufe Impulfe ís a Thing very familiar to us, and 
we can ca dly underftand ; I fhall therefore make 
¿tíiíisr. * ufe of Impulfe only, for the Explication which I intcnd 
to give of the Properties and Effecfts of the Load-ftone. 
Lee us imagine then that when the Iron moves to- 

wards 
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wards the Load-ftone, or the Load-ftone towards che Iron, 
that ic is becaufe there is íbmetbi'ng which irnpels thefe 
Bodies towards each other; and becaufe ic is very ufual 
and very eafy for us to conceive, that a Body which is 
in Motion can impel another Body ,• let us imagine,, that 
that which impels the Iron towards the Load-ftone, or 
the Load-ftone towards the Iron, is a third Body, or ra- 
ther a certain Matter which is in Motion, and which is 
very fubtle, becaufe itcannot benerceived by ourSenfes. 

iy. Though we are at Liberty to íuppofe fuch a fub- 
tle Matter as chis, yet we are not at Liberty to afcribe 
what fort of Motion we pleafe to it. The particular Si- 
tuación which Load-ftones or Needles rubbed on Load- 
ftones take, (they always turning to the North or South,) 
forces us to acknowledge that chis Matter either rnoves 
from North to South, or from South to North, or per- 
haps both Ways. Further, the Inclination of the Nee- 
dle after it is touched by the Load-ftone, whereby it 
tends towards the Earth on the North-Side, muft malee 
us think, that the Matter which moves from North to 
South, moves upwards, and that the Matter which moves 
from South to North, moves downwards. 

16. All this might pafs only for Conjeture, if we had 16. What 
not elfewhere lliown, that there muft neceffarily be fome 
Matter which has thefe Properties. For if we cali to 
Mind that Matter which we formerly faid defeended 
from the Heavens, out of thofe Parts which are near 
the Poles of the Earth’s Vortex in the Form of a great 
many little Screws, which enter into the Body of the 
Earth through the Pores which are parallel to its Axis, 
we fhall have Reafon to think that this Matter is capa- 
ble of producing thefe EfFedfs : For thofe of thefe little 
Screws which are entered in through the Northern He- 
mifphere, when they come out into the oppoiite Hemif- 
phere, cannot but do one of thefe three Things ¿ viz. ei- 
ther they muft continué to move ftraight on into the 
Heavens, or they muft retum back immediately into the 
Earth, or elfe they muft go round about its Superficies 
in the Plains of different Meridians, and fo mixing with 
the coeleftial Matter enter again into the fame Pores 
■which they before pafled through. Now the firft of 
thefe is imponible, becaufe the-Interftices which are be" 
tween the Globules of the fecond Element that is in thefe 
Places, are already filled with the fame fort of Matter, 
which has a perpetual Tendency to defeend towards 
the Earth. So likewife it is impoffible, that thefe fmall 
L 4 Screws 
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Screws fbould retam back again into t'ne Earth, either 
through the fame Pores which they carne out at, by go- 
ingthe direft contrary Way to what they went before; 
becaufe thefe Pores are always full of the fame fort of 
Screws, which have a perpetual' Tendency to go out.; 
pr through the Pores into which thofe Partióles which 
defcend immediately from the Heavens enter, becaufe 
thefe laít fort of Screws being turned the contrary Way 
to the other, require Pores, the Nuts of which are for- 
tned quite different, fo that what will pafs through the 
one will not pafs through the other. W e tnuñ conclude 
therefore, that this Matter continúes to move along the 
Surface of the Earth, in the Plains of all the Meridians 
in order to re-enter into the fame Places which it entered 
in at before. 

ty. That 17. What has been faid of the Matter which enters 
themagncúck ¡ n to the Earth out of the Northern Hemifphere, ought 
move";» the equally to be underftood of that Matter which enters into 
externa! it out oí the Southern Hemifphere. But it is to be 
in\he ráferved, that when I fpeak of the Surface of the Earth 
jame manneT upon which this Matter continually moves, I mean that of 
as it Hoet in the Interiour Earth ■, For I not only place the Air above 
ijSí Air. th j s g ur f ace; alfo a coníiderable Tbicknefs of that out- 
rjjard Earth upon which wedwell, which is at itwere a Cruft 
or Bark, which contains in it the inward Earth : So 
that the Matter which we are fpeaking of, and which 
we fhall hereafter cali the magnetick Matter, moves 
within this exteriour Earth, in the fame manner as it 
does in the Air, and in both of them it moves the con- 
trary Way to what it does in the internal Earth. 

1 8. This being fuppofed, we may imagine the particu- 
ztadj/wcm ^ ar P° rm of the Load-ítone to coníift herein; that 
>0r«cj»/]jr. "* there are an innumerable Multitude of Pores made in this 
Stone which are paraliel to each other, fome of which are 
of the Shape of the Nuts of Screws which let the fmall 
Screws that come from the North-Pole enter in, and o- 
thers of the Shape of fuch Nuts as will let thofe little 
Screws which deicend from the South-Pole pafs through 
them. 

73. of the 19- As to the Iron or Steel ; we can eafily conceive 
that they have alfo both thefe Sorts of Pores, but that 
they are commonly ftopped by the fineft Parts of the 
Metal which ftick up in them like fo many little Hairs \ fo 
that we- may cali Iron an imperfed: Load-ñone, and affirm 
them to be both the fame fort of Bodies. Which is con- 
íjrmed by what wa« before faid, that Load-ítones are 
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found ¡n the Iron Mines, and that they may be convert- 
ed into a very fine Steel by the Help of Fire. 

3.0. The only Difference that I need take Notice of 2®. The 
he^e between Iron and a Load-ftone, is that Iron is very 
pliable, and that its Parts can be bent backwards and anda Load- 
forwards feveral Times together before it will break ; 
whereas, the Load-ftone is very.ftiff, and its Parts will not 
bend without breaking. 

ai. The few Suppofitions which I have made in order 2I . my tb» 
£0 explain the Nature of Iron and of the Load-ftone, Laad-fimt 
are nothing compared with the great Number of Pro- 
perties, which I am going to deduce from them, and Pan w <h t 
which are exaftly confirmed by Experience. The firft Heavtm. 
that offers it felf, is the Situación of the Load-ftone it 
felf andof Needles toucbed by it, which fo order them- 
felves, that one of their Poles looks towards the North, 
and bends on that Side towards the Earth, and the other 
looks towards the South, and raifes it felf up to the Hea- 
vens. And this muí! neceíTarily be ; becaufe if the Load- 
ftone be in any other Situation, the Magnetick Matter 
will in vain ftrike againft its Superficies, and not be able 
to enter in, and fo will caufe it to alter its Situation till 
the Length of its Pores coincide with the Lines defcribed 
by the magnetick Matter. After which it is manifeft, 
that it muí! continué in this Situation, becaufe ir no lon- 
ger maltes any Refiftance to the Motion of the Magne- 
tick Matter. 

22. Now becaufe the Inclination of the Line deferí- 11. That tu 
bed by the magnetick Matter, is different in different 
Places of the Earth’s Superficies, fo that the nearer we are TavltC “ 
to the Equinodtial Line, the nearer it is tef being parallel Jame sima. 
to this Superficies ; and to thofe who are under this ™ ¿fff" 
Line it is exadtly parallel to their Horizon, and to thofe 
who live in the Southern Parts of the Earth, it inclines 
the contrary Way to what it does in the Northern Parts ; 
it follows, that the Load-ftone or the Needle touched by 
it, ought not to have the lame Inclination every where ; 
but that whereas the End of the Needle which points 
towards the North, inclines to che Horizon about feventy 
Degrees at París j this Inclination ought to be found fo 
much leís as the Places where the Obfervation is made, 
are nearer to the Equator; That under the Equator 
there ought to be no Inclination at all, and that bc- 
yond the Equator that End which points towards the 
South ought to encline towards the Earth. All which 
have been confirmed by an infinite Number of Experi- 
mente 


R O HA UL T’s S y s t e m Parí III. 


ments made by a great many Pilots. who never dreamc 
of philofophizing abqut the Nature of chis Stone. For 
when they had fo ordered tbe Pafte-boards of their Com- 
paffes in which tbe Needles are inclofed, that they migjrt 
hang in equilibrio upon their Pivots, before they were 
touched upon the Load-ftone j and when they had put 
pieces of Wax upon thofe Ends of the Pafte-boards 
which looked towards the South, to hinder the Nee- 
dles from inclining after they were touched j in order to 
preferve this Equilibrium, they have been forced to take off 
thefe pieces of Wax by Degrees as they drew nearer to tbe 
equinodh'al Linc, and to put them on the other Side of j 
the Pafte-board as they went Southward of the Line. 
Ail which is a certain Sign, that without this Wax, the 
Ncetile would have had all thofe different Incünations, 
which we have raentioned above. 

±3. Vi'hy 2.1,. It is evident that the magnetick Needle (whatever 
^cTiifdlet done to t0 ^ake ^ parallel to the Horizon where 
m tpointt» we are) therefore points to the North and South, be- 
tbcNonh and cau f e the magnetick Matter which comes out of the 
I Tmtrks°” ie Earth moves from the North to the South at the fame 

Time that it afcends upwards ■, and becaufe this Matter | 
is turned out of its Way lefs, when it enters into an ho- 
rizontal Needle íituate in the Plain of the Meridian, than 
if the fame Needle were in the Plain of any other Azi- 
•muth ,• And henee it follows, that if a Compafs be car- 
ried very near to either of tbe Poles of the Earth, the 
Needle will turn it felf indifTerently to any Part of the 
Heavens, becaufe in thefe Places the magnetick Matter 
moving in Lines perpendicular to che Surfaee of the Earth, 
it will not turn it felf to enter into an horizontal 
Needle any more when it points toward the North, than 
when it points towards any other Part of the Heavens. 
And this was found true by certain Dutcb Pilots, who 
attempted to find a North Paffage into the Eaft-Indies ; 
for when they carne pretty near the Pole, their Compaífes 
were of no ufe to them, becaufe the Needle turned to 
all Parts of the Heavens indifTerently. 

24. Having thus fpoken of the Load-ftone and of 
ttu^oad* magnetick Needles with refpectto the Earth, let us now 
jime may compare two Load-ñones together, and fee wbat ought 
jZm ¡T° ther t0 happen wherf they are placed by each other in differ- 
Tab xiv. ent Manners. And firft, let us fuppofe a Load-ftone as 
Fifr 7 - C, fwimming upon the Water in a little Boat, in which 
it is fo fkuated, that its Axis is perpendicular to the Ho- 
rizon, and the Pole a, which at other Titees turns it felf 

towards 
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towards the Ñorth, is turned towards che Earth, and its 
oppofite Pole b, towards che Heavens ¿ then lee us fup- 
pofe another Load-ítone as D, whofe Pole B is thac which 
commonly turns towards the South, be prefented to the 
Pole b of the former Load-ftone. This being done, we 
muft confider, thac the magnetick Matter, which enters in 
at A, and comes out at B, may alfo enter in at a, and 
comeoutat B, but cannot enter in at b, and come out at 
a ; becaufe the magnetick Matter which comes out of 
the Earth perpetually, and moves from a, to b, always 
hinders it ,• and becaufe there are certain Particles in the 
Pores of every Load-ftone which like fo many fmali 
Hairs are placed in fuch a manner as freely to open a 
Paffage for the magnetick Matter when it moves one 
Way; but to rife up and ftop the Pores, if the magne- 
tick Matter attempts to move the contrary Way. For the 
fame Reafon we ought to conclude, that the magnetick 
Macter which comes out of the Pole B of one Load- 
ftone, cannot enter into the Pole b of the other Load- 
ftone. So that the Motion and Effort made by the Mat- 
ter which comes out of thefe Stones, tends to make thera 
pulh and drive away each the other, fo that that which 
is at Liberty in the Water, runs away, as if they were 
at Enmicy with one another. 

25. Let us fuppofe again,' that the Load-ftone C fwims j ioa 
lipón the Water as befare, and whereas the Pole B was Laad- 
then prefented to the Pole b, let the Pole A be n°w ™ 0 ay dTaa 
prefented to the Pole b, fo that the Norrh-Pole of one another tfiL 
Stone may be againft the South-Pole of the other. This 
being done, we are aííured in the firft Place, that the 
magnetick Matter which comes out at A being able to 
enter in at b, and that which comes out at b being able to 
enter in at A, there can be no Reafon why thefe two 
Stones íhould remove from each other. On the contra- 
ry, if we confider that the magnetick Matter, which 
paífes reciprocally out of one of thefe Stones into' the o- 
ther, is continually driving away the Air which is betwixt 
them, and which croífes its Paffage, in order to make 
Way for it felf to move more freely •, and becaufe the 
World is ful!, this Air having no where to retire but be- 
hind the Stones, where by preffing upon them it malees 
them draw nearer each other, that the magnetick Matter 
may move with the greater Eafe : Henee we may ea- 
fily forefee, that that Stone which is at Liberty, muft be 
impelled towards the other, by the Air which is driven 

out 
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out of ics Place, ib that it will feem to be drawn by 
it. * 

26. Since we acknowledge that the internal Earth has 
exaótly the fame Pores as thofe from which the Natura 
of the Load-ftone arifes, we may affirm with others that 
tbe Earth is a great Load-fione. Wherefore, if we confi- 
der that it is the South- Pole in one Load-ftone, which 
turns it felf to the North- Pole in the other Load- 
ftone, and the North- Pole which turns it felf to the 
South- Pole ; we tnuft allow, that in the Load-ftone, it is 
the South- Pole which looks towards the North , and the 
North-Pole which looks towards the South. 

2 7. For the fame Reafon that one Load-ftone moves 
towards another, Iron when it is at a due Diftance ought 
to approach towards a Load-ftone; íf the Weight be not 
too great, or if it be not hindred by fome other Caufe. 
For Iron being it felf an imperfedt Load-ftone, it be- 
comes as it were a perfed Load-ftone, whenit is within 
the Sphere of Adivity of one of thefe Stones; becaufe 
the Magnetick Matter which comes from thence, opens 
the Pores of the Iron, and thenic refemblesa Load-ftone. 
And what we have now faid of iron with Refped to the 
Load-ftone, holds the fame concerning the Load-ftone 
with Refpeót to the Iron, fo that either of them that is 
at Liberty muft move towards the other. 

28. It 


1, Thelearned Mr, Le Clerc pro- 
pofes a very great Difficulcy here. 
Pbyf. TZook II. Chap 6, Sett. y. 

* Becaufe a Load-ftone confifts of 
4 the moftíolid Matter chut is, there 

* is no doubt but that there are a 

* great many more íolid Parts than 
« there are Pores in it. Wherefore 

* when two Load-ftones are placed 

* near each other, the magnetick 
6 Matter which comes out of one, 

* and ftrikes againft the other, find- 
« ing more íblid Parts than Pores, 

* ought to move them from each 

* other. For'the Forceo! that Mat- 

* ter which daíhes againft the íolid 

* Stone, with ib much Vehemence, 

* andin íb greata Quanticy.is greacer 
< than that of tbe Air can be, which 
T it moves out of its Place, and 

drives to the externa i Poles of the 
Load-ftone,efpeciaJly if we coníider 
that the Air abounds with fo many 
Pores, as will afford this Matter a 


<-free Paftage through it. * Thus farHe. 
But, firft, if one of the Load-ftones 
be never fo íolid a Body, the other 
is as íolid, and therefore there are 
Pores enoughin the latter, to receive 
all the Matter thatcan come out ofthe 
Pores of the former. Secondly, if 
the Pores of two Load-ftones do noc 
all of them anfwer to each other, 
yec fome of them cercainly do, and 
therefore part of the Matter which 
comes out of one Stone will encer in» 
to rhe Poresof the other, and thereft 
of the Matter will be very far from 
being able to remove them from each 
other. Efpecially» when, Thirdly, ic 
has removed che Matter between 
them ouc of tbe W ay i and therefore 
the Matter which is behind the Load- 
ftones, muft inipel them towards 
each other. Though perhaps there 
is a real Attra&ion between thdm» 
See the Notes on Part I, Chap. £1? 
u Art, ij% 
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28. If any one doubts whether the Load-ftone has 18. nm 
any Communication with the Iron, though it does not 
immediately couch it, he ipay eafily be fatisfied in this makc fomt 
Particular by Experience. For if he takes but the Needle -¿‘‘"“tion ¿a 
of a Mariner’s Compaís, for Inftance, (which iVconverted Zlrttz 
into a perfed Load-ftone, by having been drawn over ¡t, 

the Pole of a Load-ftone one particular Way,) and draws 
it thecontrary Way over the fame Pole, or the fame Way 
over the contrary Pole, not touching the Stone but hold- 
ing it an Inch Diftance, he will fee the Needle turn the 
quice contrary Way to what it did before, and its South- 
Pole will become its North-Pole. 

29. It is eafy for any one, who underftands how the ^ *9. Hoto tí 
Load-ftone draws Iron, to fee how a Knife rubbed up- °f Irm 
on a Load-ftone lifts up Nails and Needles. Neither r £ ca ¿j¡$ñ* 
will itappear atall ftrange to fuch an one, that when the draws ano- 
fame Knife is drawn quick over the Pole of the Load- 

ftone the contrary Way to that it paffed before, it com- ah y )t uf a 
monly lofes its Vertue of drawing or lifting up Iron. For iu virt,ie 
we know chat the Knife became a perfedt Load-ftone only 
by paíling at firft over the Pole of the Load-ftone, when Waj. 
the magnetick Matter opened its Pores, and bentdown the 
metallick Parts which ftuck in them, one particular Way; 
wherefore it is eafy to imagine that it muft lofe this Qua- 
lity of a perfeft Load-ftone, by palling over that Pole 
the contrary Way, becaufe the magnetick Matter does 
the contrary to what it did before, and raifes up thofe me- 
tallick Parts which it depreffed. 

30. And this will appear to the Eye to be fo, if any 30. ^0 
one has the Curiofity co make or to fee the Experiment. f^nUmZhe 
For, ifweput fomeFilings oflron or Steel upona Piece ZíeZúlZ 
of Paper, and move a Load-ftone over them, we lhall fee whiíh thc 
the Filings place themfelves one upon anotber, and be- ^Zíe/in'tht 
come like fo many little Hairs bending all one Way ; and iron, when 
if after this, we move the fame Part of the Load-ftone, 

the contrary Way under the Filings; wefhall fee the fame 
Hairs rife up and bend the contrary Way to what they 
did before. 

31. The Iron would not deferve thc Ñame of a per- 31. That 
feft Load-ftone, if we did not fee all the Properties of 

a Load-ftone in it. Thus, it is not fufficient, that it Jione ought 
draws Iron as we fee it does, ñor that it has Poles as we ,0 ha ™ “i 1 
find by the Needles of Mariners CompaíTes : its Poles [festoné. 
ought alfo to turn towards or to turn from the Poles of a 
Load-ftone, as we have feen two Load-ftones do 
when placed near each other : And this is to be feen evi- 
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dently in fewing-Needles; Forif fuch a Needle be held 
by a Thrend at a certain Diftance from a Load-ftone, ic 
wiíl go immediately ro the Load-ftone, and its Point 
will acquire the Vertue of the'Pole oppoíice to the Pole 
of the Load-ftone to which it is joined : Thus,' if it joins 
ít felf to the Nortb- Pole of the Load-ftone, it will ac- 
quire the Vertue of the South-? ole, fo rhat if afterwards 
the South- Pole of the Load-ftone be prefented to it, it will 
tura away from ít as if it had an Averfion to it. 
w>>at 32- This is what fome have called the Sympathy and An- 
fyAby betwixt the Load-ftone and Iron, which may be 
thybetmim obferved another Way. If we take a Piece of a broken 
tke Load- fewing-Needle, and put ít upon a Piece of Paper or Glafs, 
th: and then place one of the Poles of a good Load-ftone 
underneatb, we (hall fee the Piece of Needle ftand up 
upon one End ,• and if we turn the other Pole of the 
Load-Stone to it, it will immediately change its Situation, 
and tura the other End up. 

theEnflfa 3P But it is to be obferved, that if the Point of the 
Needle wbieh Needle hanging upon a Thread (which we mentioned juft 
the a vTt-¡fef now ) taa ^ e co rouc h the Pole of the Load-ftone which 
IZ p 7 ufw% it feem’d to flee from before ; then it will afterwards go 
achare the towards tbis Poie and flee from the other. The Reafon 
Ipplní espite 0E w ' aEC h becaufe the great Quantity of magnetick 
" Matter which comes outof the Load-ftone with Violence, 
torces thac fmall Quantity which paffes through the Pores 
of the Needle to go back and to move the contrary Way 
to what it did before; to which the Supplenefs of the 
Parts of the Iron or Steel contributes, becaufe they will 
very eaíily bend, fo as to make no Refiftance at all to 
the new Determination of the magnetick Matter. 
ti>?s*'próp¡irt} 33 " ^ ie P arCs of the Load-ftone being very ftiff, it is 
¿s mi in the impoflible to bend dreno, or alter them from what they 
Uad-ftmc. were at the flrft Formation of the Stone. So that the 
magnetick Matter muft always pafs the fame Way in them. 
And that which is once the North-Vdie of a Load-ftone, 
ought never to become the South- Pole, by being placed 
before the South-?o\e of a bigger Stone. And this alfo is 
confirmed by Experience. 

35 -.That 35. By all that has been hitherto faid, itiseafy tofee,- that 
i’tcireThe M ~ t * ie Vertue which is afcribed to a Load-ftone, ought to 
Vcrim if a be afcribed to the magnetick Matter which paffes through 
ferjeti Load- it ; But becaufe this Matter paífes out of the Earth 
Ílhig 7 euch'td into the Load-ftone through the Air, it follows, that if a 
by a Load- íoiog Piece of Iron be fo plac’d in the Air, that its Length 
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very nearly correfponds with any of thofe Lines which 
are defcribed by the magnetick Matter, it mu§r in Time, 
acquire the fame Vertue, which a Load-ftone by touch- 
ing it gives it in a Moment. And this we find to be fo 
in all Sorts of Iron, which has for a long T^me had one 
End turned towards the G round or towardsVhe North. 

Thus a Pair of Tongs which we taire up the Coals with, 
and which we generally fetuprighr, always has at the low- 
er End, the fame Vertue as we find in the South- Poie of 
a Load-ftone, and it will attratft the North-Vo\e of a Mari- 
neas Compafs-Needle, that is, that Pole which Iooks to- 
wards the South, and the upper-End has the Vertue of the 
North- Pole, and will attracl the South- Pole of the Needle 
or that Pole which Iooks towards the North. 

3 6. It isto be obferved, that in Order for thefe Expe- 5 6 . That 
riments to fucceed, the Pofttion of the Tongs muft not ¡j* he 
be changed 3 for if they be turned upílde down, that End irL!"hL & es 
which isnext the Ground, will acquire the contrary Ver- the Vertue <f 
tue to what it had before, becaufe the magnetick Matter the F ° les s 
will take a dififerent Courfe in the Tongs, and move the 
contrary Way to what it did before : Thus, that End, for 
Example, which before attraíled the South- Pole of the 

Needle, will now attrad the North- Pole. 

37. Now upon confidering the Vertue which the Iron 37 . n m ¡ c 
acquired in Length of Time only by its Situation with "i««- 
Refpe.ft to the Earth j I imagined that a long Hender ^hTvenT"^ 
Piece of Steel might be made to acquire the fame Ver- <¡ t 

tue immediately if after it was heated red-hot in the Fire, 
it were dipped inro the Water perpendicularly ; For I lllchu 
thought, that when the whole Piece of Steel was thus 03f * 
in tbe Fire, its Parts would be made very flexible, and con- 
fequently 1 might eafily be bent by the magnetick Matter 
foas to make no Reliftance to its Paffage through it; af- 
ter which, being cooled all on a fudden in the Water, I 
, conceived that the great Hardnefs which it acquired by 
this Means, would make it keep every Thing the more 
ftrongly in that State they were put into ; And indeed I 
was not deceived in my Conjeture ; for I found in the 
firft Place, that the Steel thus tempered, preferved at 

each 
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each Etid the Vercue of chat Pole, which it acquired ¿n 
the tempuring j and that the End which was towards 
the Ground, while it was tempering, continued to be 
always the Soit/h- Pole, though it were afterwards turried 
upfidedowny Secondly, I obíerved that this Steel had noc 
only a Power to move the Needle of a Sea-Compafs, 
which ís very eafy to move becaufe it turns upon a Pi- 
vot j but that it would tafeé up and carry along with it, 
as much Filings of Iron or Steel as it would have done 
if it had been touched by a Load-ftone of a modérate 
Strength. 

38. a 38. Further, to tafee away all Sufpicion that the Piece 
Froof that it 0 f Steel acquired this Vertue, not from its Situation with 
‘siZaJmof Refpeft to the Earth, but becaufe the lower-End of ic 
the Iron was firft tempered in the Water; I caufed anothsr Piece 

to be heated red-hot, and holding it ib with the Tongs 
'vnuTo/ a perpendicular to the Horizon, I poured the Water up- 
pcrfcii Load- on it fo that the upper-End was tempered firft. But 
notwithftanding this, I found that the Ends of it, acqui- 
red the fame Vertue, as they did when tempered in the 
former Manner. 

39. wiy 39. It may perhaps feem ftrange to fome, that a 
fcT Z h ‘‘ h ^‘ ecc °f I ron which has been for a great many Years 
tZ nrinfof together in a Situation proper to acquire the Vertue of 
a prrfes lifting up other Iron, íhould yet acquire fo fmall a De- 
aui 'fttáie 8 ree h, that the Crofs which had been for above a 
*phut‘ai¡t- hundred Years upon the Steeple of the chief Church of 
tie other iron. Aix in Provence, having been blown down in a Storm 

and broken into feveral Pieces r none of thele Pieces, 
though pretty Iarge, would without DiíEculty take up a 
very fmall Nail. But this will no longer appear ftrange, 
if we coníider that it is the internal Earth, which i s 
very deep in, that we efteem as a great Load-ftone 
and that the greateft Part of the magnetick Matter which 
moves about it, moves within the external Earth, which 
is like a Shell and contains the other in it ; fo that but a 
very little of this Matter reaches to the Surface of the 
Earth ; wherefore there always palles a great Deal more 
of ic, through a good Load-ftone than there does through 
fo much Air of the fame Baik. Whence it follows 
evidently, that when a Piece of Iron is rubbed upon a 
Load-ftone, a much greater Number of its Pores are 
opened, than would be opened, .if the fame Piece of 
iron ftood a great many Years in the Air without cem- 
jng near any Load-ftone, 

40. Now 
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40. Now to prevent all the Difficulties whichanight here 4 o - T hat 
be raifed, we muí underftand, that befide the magnetick 
Matter which paffes out of the Earth into tha Load-ftone tex of mag- 
in Order to go out of the Load-ftone iwo the Earth 

again, there is always a certain Quantity o\ this Matter Tuad-jió™. 
which moves in and about a Load-ftone? and which 
makes a Scrt of a Vortex round it. The Reafon of 
which is, that this Stone being taken out of the Place 
where it is generated, as full of the magnetick Matter as 
it can be, it is eafier for this Matter to return back and 
enter again into a Body whofe Pores are all open to it, 
than for it to continué itsMotiononin the liquid Air, the 
Parts of which being in perpetual .Motion, thofeof tbem 
which come crofs the magnetick Matter are no fooner 
removed by it, but there come others immediately, and 
malte the fame Refiñance to it. 

41. But left any one fhould think, that the invifible 41. a 
Vortex of this magnetick Matter, which is continually 
moving about every Load-ftone, is only a mere Imagina- voruxoj 
tion, and not a real Thing exifting in Nature; we need magnetick 
oply obferve the diíFerent Poíitionof theNeedle of a Sea- 
Compafs, when it is variouíly expofed to a Load-ftone : jime. 

For we fee, that whenit.is right agaínft the Poles of the 
Load-ftone, the Length of it coincides exaddy wich the 
Axisof the Load-ftone, andas it is moved round it, ithas 
different Inclinations, and all thofe feveral Sorts, which 

we before faid the Needle in the Compals has in all the 
feveral Places of the Earth which are under the fame 
Meridian. ' . 

42. We iliall be ftill further convinced of this Circu- 4 i.jfmthtr 
lation of magnetick Matter about a Load-ftone, if we t h¡s. 
confider how the Filings of Steel or Iron difpofe them- Tab.xtv. * 
felves when they are let fall upon a Piece of Pafte-board F¡ g- 8 " 
which has a Hole in it, where a Load-ftone is ío put 

that its Axis is exacfly in the Plain of the Pafte-board ¿ 
for the Diípoíition and Rangement of the Filings being 
exaftly fuch as is reprefented in the Figure, there can be 
no Room to doubt» but that befides the magnetick Mat- 
ter, which palies along the Axis AB, and which goes 
ftreight on inthe Air, there is fome other alfo which 
going out at F, G, returns by I, H, towards D, E, and 
alfo, that there is fome which comes out at D, E, and 
returns by I, H, towards F, G. 

43. Such a Sort of Order or Difpofition as is here re- 43-. 7íí . 
prefented, is obferved in all Load-ftones, if they are ho- 
mogeneous or every where alike : But if they sre not fo, a h«t m 

V 0 L. II. M uná CKlraoT/linarj 


r?8 

Load-ftoiie, 
Tab. XV. 
Fig. I. 


44* The 
Alteration 
xoblch is ' 
made m the 
Steel Dnfi 
fpriukled a- 
bont one 
Load-ftonC} 
by another 
Load l lone . 
Tab. XIV. 
í'ig. 8. 


4 f. Ano- 
ther Altera - 
¿ion made by 
tarning the 
•ppofite Lole. 


á^HAUlf’s System PartITI. 

and their Veins ave interrupted or irregular, then the Duft 
will range m felf difFerently according to thofe Veins of 
the Load-ftolie. And this I have tried a great many Times 
in a Load-ftcne like that drawn in the Figure, the Veins 
of which w wt winding about, very irregularly, becaufe 
they were interrupted by íome foreign Matter which 
was got inand which feparated them. For having íet ic 
in Pafte-board, and let the Duft fallupon it, I always ob- 
ferved, that the Duft difpofed it felf about it, not 
uniformly every where, as in others, but very difFe- 
rently, according to the Irregularity of the Veins, with 
which it began a great many different Circles in fome 
Places, and ended them. in others ^ Thus, the Duft which 
fell about C, made Circles with the Veins A, D, and 
that which fell about E, made other Circles with the 
Veins B,F. 

44. The Irregularity which appears in the Difpoíition 
of the Steel-Duft about this extraordinary Load-ftone, is 
without doubt, a very ftrong Argument, that there is a 
Vortex of magnetick Matter about every Load-ftone : 
Let us now try if we can forefee what ought to happen 
upon difFerently placing another Load-Stone near that in 
the Figure belonging to Art. 42. And in the firft Place, 
let us fuppofe the 5Wi-Pole of one of the Load-ftones 
looking to the AbrrAPolc of the other,* then becaufe the 
magnetick Matter which comes out of one of theíe 
Load-ftones is capable of entring into the other, and 
will racher enter into it, than tura about and go back to 
enter inwhere it went through before^ for this Reafon, 
I fay, the Steel-Duft, which before was near one Pole 
of the firft Load-ftone, and which had gone forward in a 
ftreight Line inthe Airasfarasit was able, and thenturn- 
edit felfon eachSide and bent back in order to convey the 
magnetick Matter round to the Places near the other Pole, 
that it might enter there ; ought to unbend itfelf again, 
morder to go ftreight on to the fecond Load-ftone; and 
ío we find by Experience that it does. 

45. The contrary ought to happen, if the Ñor íh-V ole 
of one Load-ftone be applied to the Nortb - Pole of the 
other, or the South - Pole of the one to the South - Pole 
of the other. For then the magnetick Matter which 
comes out of the firft Load-ftone not being able to enter 
into the fecond, will alfo not be able to go on freely in 
a ftreight Line, becaufe it will meet with Refiftance from 
ihe Mat^gr which comes out of the fecond Load-ftonq ,* 
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wherefore it muft bend and turn about {orfaer than it 
would otherwife do : and fo turn back the/Steel-Filings 
fiiorter than they were. before, that they m Jy go a nearer 
Way tothe oppofite Poleof the firft Load-'/one. And fo 
we find it reallydoes. \ 

46. The Alteration made in the common Difpofition 4 6. Um- 
of the Courfe of the magnetick Matter, may alfo be ob- ‘ o h " 

Terved in another Manner, which is very proper to give e t ¿‘fiJ¡fnrA- 
usa true Notion of it: We muft take a Load-ftone and íimu 

put one of its Poles to a Heap of Iron or Steel-Filings, 
fo as that it may take up as much of them as it can car- 
ry ¿ then holding the Load-ftone fo that the Poie which is 
loaden with Filings be turned towards the Earth, let the 
Poles of another Load-ftone be alternately applied to it. 

This being done, when the different Poles of the two 
Load-ñones look towards each other, the Filings of Steel 
which is upon one of them, and which ftand upright líke 
fo many large ftradling Hairs coming out of the Load- 
ftone, wül bend themfelves inwards, and get nearer to 
each other as if they were about to unite together : Qn 
the other Hand, when the lame Poles of the Load-ftones 
are turned towards each other, the fame Filings will bend 
themfelves outwards, and divaricate from each other a 
great Deal more than they did at firft. 

47. By conftdering in this Manner the Difpofition of 47 - An 
the Steel-Filings about a Load-ftone, it is eafy to find out 
which are the Poles of this Stone. For it is plain that Pales cf a 
the Poles are the Extremities of that Pore by which the 
magnetick Matter, which turns leaft, or which goes the Fig.'s, 
moft directly that can be from Nortb to South or from 

South to Northy enters in and goes out : And confequent- 
íy the whole Length of this Pore may be taken for the 
Axis of the Load-ftone : Thus in the Load-ftone DEFG 
reprefented in the Figure, A and B are the Poles, and the 
Pore AB is the Axis, which you fee paíTes through the 
Middle of all the reft. 

48. But if this Load-ftone befawnintwo Pieces along 48 .H>» 
the Axis, we muft conclude, that each of the Pieces, as *** °f 
f°r. Inftance C, muft have its particular Poles, m. the i’.Ld-jiLe 
Points which are in the Middle of the Sides AE, FB, havc , tb « r 
through which the magnetick Matter enters in and goes p p^ l e ‘ s ÍHlar 
out,- for it is in thefe Places that the Paffage of the magne- Tafa.'xiv. 
tick Matter divides it íélf, there being but half the Mat- Fi S- s - 

ter which comes out of one of the Sides, mz. that only 
which comes out of the Pores near E, which goes along 
by H towards FB ¿ the other half which comes out of 
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the Pores itear A, goes along towards BF by L, which 
is a fhorterYvVay than going by H. We may be con- 
vinced of tlfc Truth hereof, by fprinlding fome Steel- 
Duft about tík Load-ftone AEFBGD put into a Hole in 
a Piece of Bpite-board in the Manner before defcribed,- 
for then if one Half of it be taken away, m. that 
marked K. and the other Half bé left, we fhall fee the 
Steei-Duft part it felf in the Manner now mentioned. 

49. Now if the Pieces C and K of the Load-flone 
fawn afunder in tbis Manner, be joined together again, 
by being laid one apon another; it is evident, that the 
rnagnetick Matter, which. comes out of the lower-Part, 
cannot enter into the upper-Part, without going a great 
VVay about; but if the Half marked K be turned the 
contrary Way to the other Half, the Matter which 
comes out of the South- Pole AE of the lower Piece, can 
enter in at BG the Nbí-r/a-Pole of the upper Piece, and ío 
.take the neareft Way that can be : Whereforeif the Piece 
K be fufpended on a Thread ; and let down foftly upon 
C that VVay which they were originally joined together; 
it is very pieafant to lee, that a little before they touch 
one another, the Piece K will turn it felf round to the 
quite contrary Poütion, in Order by that Means to facilítate 
the Courfe of the rnagnetick Matter. 


50. And if, after thefe two Pieces C and K are thus 
joined together the contrary Way to what they were na- 
turally, lome Filings of Steel be fprinlded about them; 
then the Ranks formed by them will be like fo many Se- 
tnicircles terminated by the two adjoining Poles of the 
two Pieces of Load-flone, the Center of which is the 
Extremity of the Liue where the two Pieces are join- 
ed. 

51. If a Load-flone be fawn afunder, fo that tha 
Plain of the Sedion be perpendicular to the Axis, then 
the two Parts do not require a different Situation from 
that which they had before they were feparated ; becaufe 
the rnagnetick Matter which comes out of the one, can 
enter into the other the moft conveniently that can be; 
but the two Points which touched one another before 
the Load-ftone wascut, will become Poles of aquitecon- 
trary Vertue. Thus, if the Load-flone ACBD, wfíofe 
Axts is AB, the 5 toj 6 -Pole A, and the North- 1 ?o\e B, 
be cut along the Plañe CD ; the Point b and the Point 
a, which touched one another before the cutting, will 
become two Poles , of contrary Vertue; that is 3 the 
Point b will become the North - Pole of the Half E, and 

the 
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the Point a the Son th-Vole. of the half F. Bar, all that 
magnetick Mattel- which carne from the So/th, and en- 
tered into the whole Load-ílone at the PolifB, oughtaf- 
terwards to enter into the Piece E at b / and all that 
Matter which carne from the North , and'^entered in at 

A, ought to enter ¡rito the Piece F at a. »A11 this may 
eaíily be confirmed by Experience, by making either of 
thefe Pieces E or Ffwimuponthe WatterinaüttleBoat, 
or by turning the Points b and a one after another, to- 
wards the Needle of a. Compaís. For then we ihali fee 
the Point b of the Piece E always turn it íélf to the South, 
and that it will draw the South- Pole of the Compals 
Needle towards it,- and the Point a of the Piece F al- 
ways turn itfelf to the North, and draw the North-Pole 
of the fame Needle. From whence it follows, that they 
are guilty of a very great Abfurdity, who think that 
the two Halves of the fame Load-ílone, have two en- 
tirely different Inclinations, and that one of them tends 
with its whole Forcé towards the North, and the other 
on the contrary, towards the South • but that wheii the 
Load-íloneis adtually cut in two Pieces, eachof the Pieces 
has nolonger the direStive Virtue which was in the whole 
Stone. 

ya. Thus we have feen how all the Properties of the s i.oftit 
Load-llone, hitherto mentioned, have been deduced fhfffff 
from the Nature afcribed to it. It is otherwife with re- f cne , 
fpect to the Armoitr ■, and it is very íurpriíing, that two an 
Imall Pieces of Steel, fuch as CD, EF, placed as you fee 
in the Figures at the two Poles of the Load-ílone A and more íron . 

B, will talce up a much larger Piece of Iron, than the XVi 

naked Stone it felf will take .up. But if we confider, that 

a Load-ílone thus armed will neicher attracl more Iron, 
ñor at a greater Diílance than it did before, we may be 
able to find out the Caule of fo furpriíing an Effeót : 

For this being fo, it is eafy to fee, that the Increafe of 
the Forcé which we find in an armed Load-ílone, arifes 
from henee, (that the Iron which is lifted up by the Ar- 
tnour, touches it in more Points, than the Load-ílone 
it felf touches it in: For, as .was fhown in the nríl Pare, 
of this Treatife, that natural Glue, by which Bodíes are 
joined and faílened together, and which hinders them _ 
from feparating, confiñs in the Parts being at reft, with 
♦efpeíl to each other. 
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55. Anajhis is confirmed frotn henee, that if the Ar- 
mour of the^Load-ílone be rufty, that is, if the Order of 
jes Parts be c, ifturbed, fo that it is not capable of fuch 
a Contad as V was before; or which is the fame Thing, 
if we put a Bpceof rufty Iron to it; or laftly, if we put 
a Body that ís ever fo thin, betwixt the Arraour and the 
Iron that we would take up, as for Inftance, a Piece of 
Paper, . it will then lift up no more than if it were un- 
armed, whereas the Interpoíition of fuch Sort of Bodies 
does not at ali alter the other furprifing EfFe&s of the na- 
ked Load-ftone. 

54. This Obfervation about tbe.Armour, furnifhes us 
with the Solution of a very great Difficulty, which is, 
That fimetimes a "weak Load-flone, tipoti touching a Piece 
of Iron, which is fufpended upo?i another and much fironger 
Load-flo r ne, will take it ojf t henee and carry it along with it : 
For it is reafonable to think that in this Cafe, the weak- 
er Load-ftone touches the Iron in more Parts than the 
ftronger one does. 

5 y. To this we máy add, that the ftronger Load-ftone 
does in fome Meafure increafe the Verme of the weaker 
one, becaufe it fends forth a great deal more magnetick 
Matter to it, and helps to fupport the Iron that hangs 
upon it. And this is the Reafon why the South-Pole, in all 
Load-ftones, that have not fome confiderable Irregularity 
in them, will take up more Iron in thefe Northern Cli- 
mates of the World, than the North- Pole; becaufe the 
South - Pole may be afíifted by the' Vertue that comes 
from the North-Pole of the Earth, but the other Pole 
pannot. 

56. Some People have been very much íurprifed to 
fee that ir a Brafs Pkhirtigig, whoíé Axis is made of Iron 
or Steel be turned round upon a Table, and then taken up 
by a Load-flone, it will keep turning much longer, than 
if it beleft to move upon the Table; but this is eafily ac- 
countedfof: For we need only confider, that one Rea- 
fon why the Vkhirligig does not continué to move on for 
ever, is becaufe its Weight maltes it to bear pretty bard 
againft che Body it moves upon : But when it is fufpen- 
ífed upon a Load-ftone, then its Weight, which endea- 
vours to pulí it ofF, caufes it fcarcely or but üightly to 
toueh the Surface of the Load-ftone, fo that it turns 
about with the greateft Ea fe that can be. 

y 7. Whence we may conclude, that if we malte ufeof 
a very ftrong Load-ftone, to lift up a very light Whip- 
Ugig with; becaufe the Vortpx of a Load-ftone will at- 

fraft 
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traft it much more ftrongly, than its or/n Weight «47 '*”> <- 
would prefs itagainft a Table j it muft ceaí / to turn a- 
bout a great deal fooner, than it would d<J if it turned 
upon a Table. 

58. It may feem, that the Declin'átion'\f the Load- ¡s.pfthe 
ftone, or of a Needle touched by the Loaa-ftone, may 

in fome Meafure con t radici what has been faid concern- j?„„Vw *' 
ing the Nature of this Stone : For, if it be true, that tUNci- 

the magnetick Matter which makes a kind of Vortex a- ’¿“ t 
bout the Earthj moves from one Pole to the other, in n ot turnee x- 
the Plains of the Meridians, why íhould not the Nee- Nonti 
dies point exadly North and South ? And why do they an ou ‘ 
deviate in fuch a manner^ that the <Sto¿-Pole 3 which 
ought to look towards the Ñorth, declines about a Degree 
towards the Wefl ? To which I anfwer, that the mag- 
netick Matter which moves in the Air, would go exadly 
from North or South , or from South to North, if it was 
not fome way to accommodate it felf to the magnetick 
Matter which moves in the exteriour Earth ,• but it hap- 
pens, that in this exteriour Earth, the magnetick Matter 
is fometimes obliged to turn out of the Way that it 
would goin by the general Caufe; becaufe it finds more 
convenient PaíTages in thofe Places where the Iron Mines 
are. And this is the Reafon why the magnetick Matter 
which moves in the Air, does not always. go in the Plains 
of the Meridians, and alfo why the Needles touched by 
the Load-ftone, are thereby determined to decline as we 
find by Experience they do. 

59. Nowin order to make Iron divért the magnetick sg . 
Matter out of its ufual Courfe, we need only place the Expermwt 
Needle of a Compafs at a certain Diftance from a Load- ^cUnatim. 
ftone, as we fee the Needle CD in the Figure is placed Tab. xv.* 
with refpect to the Load-ftone whofe Axis is AB. For Fi §* +• 

fo long as no other Iron comes near this Load-ftone, the 
magnetick Matter which goes out of it, difpofes the 
Needle to be very nearly parallel to the Axis AB ; but 
if any Iron comes near it, as for Inftance, a Knife which 
the Matter that comes out of the Pole Bof the Load-ftone 
palles through, to enter idto the Pole D of the Needle, 
whilft that Matter which comes out at A enters at C as 
it did before, we íhall then find a confiderable Alteration 
in the Needle, for it will quit the Line CD in order 
to place it felf in the Line EF. 
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60. Ah í becaufe i: is certain that there may be Iron- 
Mines genRated in fome Countries where there were 
none beforej-, and thofe which were in other Countries 
may be wor¿ out ■ therefore it may happen that the 
Needle mavf, have differenc Declinations at different 
Times in thiv'fame Place. So that we need not be fur- 
prifed, that they who mentioned its Declination, about a 
hundred Years ago, affirmed, that it was fix Degrees to- 
wards the Eaft at París, whereas by the moft exa£t Ob- 
iervations that I have been able to make, I found it was 
hardly orre Degree that way about thjrty Years ago, and 
is no w one Degree towards the Wefl. 

6 1. .But it is to be obferved, that in order for the li- 
rón to make the magnetick Matter turn out of its Courfe, 
it is neceflary that the Situation of its Parts ílrould be 
fuch, that the Pores which are in the form of Screws, 
fhould continué on direddy. And, íince this Diípbíi- 
tion is not to be found in all Mines, and there may be 
fbme, where the Parts of the Iron are confufed, there- 
fore the Iron in all Sorts of Mines is not proper to caufe 
2. Declination in the Load-ftone, ñor is it eafily to be 
attra&ed by this Stone. 

62. Having thus explained all the Properties of the 
Load-ftone, it remains, that we íhow how it may lofe 

'pTndVlngbt thefe Properties, and be reduced to a common Stone, 
to Uft *p In order to apprehend rightly how this may be done, 
l-tmai all. we pyfl; confider, that that which is peculiar in the Loadr 
ftone is the Shape and Strufture of its Pores ,• wherefore 
\v¿ can no íboner imagine this Shape and Conftruftion 
to be deftroyed, but at the fame Time we muft think, 
that the Load-ftone will ceafe to be any longer fo, and 
will not at aü díffer from a common Stone. Now it is 
evident, that ií a Load-ftone be beaten in Pieces and re- 
duced to a yery fine Powder, the peculiar Difpofition of 
its Parts will continué no longer, and therefore it is alfo 
evident, that it will be no longer capable of having thofe 
■Properties which we fo much admire in it. 

*>;• r ía 63. And this is confirmed by Esperience. por having 
vf'tkeTruth cau ^ e£ l feveral Pieces to be cut off from a very good 
ij th¡s, and ff Load-ftone, in order to make it of a handfomer Shape 
than it was, í took the largeft Piece, which would take 
up a confiderable Piece of Iron, and beat it fmall, and 
put the Powder into a Rag, after which it would- not 
take up the leaft Piece of Iron that can be. And this 
may ferve to undeceive thofe who, becaufe they fee 
fh’ac a y/hole Load-ftone tjraws Iron, imágine that if it Be 
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beaten and made up into a Plaifter, it will draw/ííron out 
of a deep Wound: For they may learn from }An ce, that 
the difunited Parts have not the fame Propjfrties which 
they had before they were feparated. And ijLoad-ftones 
are found to be ufeful in Plaifters, it mufilbc for fome 
other Reafon than what they have imagined. % 

6 ¡l. We may alfo forefee, that Riíft when it gets into ¿ 4 - Vtata. 
the Load-ftone muft fpoil the Shape and Coniftru&ion 
"of its Pores,- and therefore we may conclude that this vértue by 
Stone muft lofe its Vertue by being rufty. gnmmgrxfy. 

6 5. We may alfo forefee further, that a violent Fire 67. That 
may do that in a few Hours, which Ruft will take up 

feveral Years in doing.; becaufe it makes an Alteration in aLoad-jimc, 
the Load-ftone very much like what we fee it does in 
Wood when it tums it into a Coal ; Wherefore a Load- 
ftone held fome time in the Fire muft lofe all its Ver- 
me. 

66 . We maylikewife add, that the Air whenitis moft 66 . That 
. dry and leaft capable of rufting the Load-ftone, ought to 

diminilh the Forc&gpf it ; becaufe it refifts the Motion Load Jim. 
of the magnetick fwítter, which is endeavouring to come 
out of the Load-ftone, and forces it to find a PaíTage 
within itj in the íáme manner, as we before faid, that a 
.great Part of that Matter which moves within the inter- 
nal Earth, continúes on its external Motion in the ex- 
ternal Earth which furrounds it: And tbus the Parts 
of the Load-ftone which are nearthe Superficies become 
at laft very different from what they were. 

67. Now when theíé external Parts are thus corrupt- 67. Wfy 
ed and ípoiled, they are not at all different from a com- a 
mon Stonej and they hinder that Part within, which is J “ jf™ 
found and entire, and which continúes in the Form of a times úftxp 
Load-ftone, from coming fo near the Iron, as it would 

do if they were gone; And this may be a Reafon why whoie Load- 
a whole Stone, may not be able to lift up fo much Iron^ 40í * 
as it would do if theíé corrupted Parts were takenaway. 

And indeed, I my íélf have feen .a pretty large Load- 
ftone which weighed thirteen Ounces, and which would 
hardly lift up an Ounce of Iron, after a good deal of it 
next the Superficies had been taken off all around, fo that 
it weighed no more than five Ounces, take up two Oun- 
ces and a Half of Iron. 

68. The only Remedy hitherto found to hinder the 63 . Mw 
Air from thus corrupting the Load-ftone, is to furround it t! ¿ e r f r e °’¡,f‘ ' 
with feveral Piec.es of Iron ; and this perfedtly agrees yfufj ,¿ e 
with what was juft npw faid ; For the Iron affording Lead-jimc. 
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a freer FaíTage to the magnetick. Matter tham the Air | 
does, it bbads it felf and continúes on its Couríe in the 
Metal, and therefore will not fo foon make any Alte- 
radon in the\ Pores of the Load-ftone. 

69. In aiy .he Effefts of the Load-ftone, the greateft .. 
Share of tls.fn is owing to the magnetick Matter ; where- ■ 
fore the Conftrudion of its Pores would be wholly ufe- ; 
lefs if there were none of this Matter. But it may fo. 
happen, that the large Quantity of this Matter which 
mores about a great Load-ftone, may carry off that 
fmall Quantity, which makes a little Vortex about a fmall 
Load-ftone which is near to it : And thus I have found 
by Experience, that a fmall Load-ftone armed and fet in 

a Ring, which would lift up two Ounces of Iron, loft . 
all its Vertue in an Inftant, by coming too near a very 
good Stone. Howerer it recorered it again in two Days 
Time; which was doubtlefs owing to tHis, that the Air 
furnilhed it with magnetick Matter in the Room of that 
which it loft. 

70. Astowhatfome Writershavepjated, that a Load- 
ftone will not attradt Iron, 1 if thereme a Diamond near, 
and that Onions and Garlick will make it lofeitá Vertue; 
thefeare concradifted by a thoufand Experiments which I 
hare tried. For I have fhown, that this Stone will at- 
tracl Iron through the very tbickeft Diamonds, and thro’ 
a great many thick Skins which an Onion is made up 
of. 

71. Having at large explained the Properties of the 
Load-ftone, and efpecially that by which it attrads Iron ; 

I would not willingly negleét fpeaking of that Property 
taken Notice of in Amber, Jet , Gum , Wax, Glafs 
and mofi Jewels, all which, when they are rubbed, will 
take up indifferently Chaff and fuch Sort of light Things. 

I am therefore of Opinión with fome others that there is 
a certain Matter, which is veryfubtle, continually moving 
in the fmalleft Pores of thefe Bodies, and that it comes 
from the Center to the Superficies, where it is reflected 
inwards by the Refiftance of the Air which it then meets 
with. Now when thefe Bodies are rubbed, this gives 
a íüfficient Forcé to the Matter contained in them, to 

over- 
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overeóme tbe Refiftance of the Air, and to yéxtend it 
felf to a little Diílance ail round them ; buvbecaufe it 
cannot go very far without lofmg fome of itsiForcej the 
Agitation and Circuiation of the Air willdrraíitback and 
forcé it to tura and enter into fome of the f?ores which 
it carne out of» and where other Matter cannoStb convcni- 
ently enter, becaufe it is not fo well proportioned to the 
Bigneís and Figure of thofe Pores. Thus in Amber , for 
Example, that has been rubbed, a great Number of the 
Párticles of this Matter, like fo many fine Threads, too 
fmall to be feen, come out of it, and dart themfelves in- 
to the Air, where meeting with fmall Bodies, theyget in- 
to the Pores of them, and then return back into the Am- 
ber ^ at the fame Time, the Air continually repelling thefe 
fmall Threads, and forcing them to contract themfelves 
into lefs and lefs Compafs, preñes likewife in the fame 
Manner upon the light Bodies into the Pores of which thefe 
fmall Threads have thrufl: themfelves ; ib that in return- 
ing back to the Air.her they carry fmall Straws, in whofe 
Pores they are engaged along with them. All which is 
confirmed from henee, that we do not perceive the leaífc 
Degree of this Vertue in Amber orany other fuchlike Bo- 
dy if it be not excited by rubbing. 

72. As to any Thing further } there is no Need of aferi- 7 2 - -# 
bing any other Qualities to the Matter which comes out of [fffmhfc 
thefe Bodies, in order for them to have the Vertue of aimt 
attrafting Straw and ChafF j as, that they muft be greafy this VeniK ‘ 
in order to have Things ftick to them ; for befides that 
the Power of fticking is not at all explained, it is not in 
the leaft probable that Glafs or precious Stones, which 
have the fame attraftive Vertue which we find in Amber, 
have any Greaíinefs inthem. For if we could think that 
there was any Thing of that Nature, in the Sand and 
Adres of which the Glafs is made, if muft all be confuí 
pied by the Fire in which they are melted. 
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V C H A P. IX. 

Ofj fvterraneous Fires and Earthquakes. 

e ' iJntbe ‘° T ^ ^rder to explain what is molí extraordinary in the 
Natmeof ■*" Earth, it will be very proper to fpeak of Jubterransous 
fitíterraneom Fires. The dreadful Effeíts produced by them do too 
fim’asto* °ft en exc >te our Admirador), not to endeavour to difco- 
expiain the ver the Caufe of them. The Fires which I here mean 

uheT^Firef 1 ant ^ * ntenc l t0 ex P^ a * n J are fuch as thole which fometimes 
« er ¡res. ar£ p ecn to come 0Llt: Q f Fylounc Hecla in lfland, ¿Etna 

or Mount Gibsl in Siály, and Vefuvius in the Kingdom of 
Naples: And becaufe títere is no Mannerof DifFerencebe- 
twixc thefe Fires, and thofe which we kindle in our Chim- 
neys, it is evident thac we cannot explain the Nature of 
the one, but we muffc at the fame Time explain the Na- 
ture of the other. So that this Difcourfe will take in all 
that canbefaidof the Nature of Fire in general. 

2 . of the 2 . Now if we confider, that the principal Qualities of 
iv««re of Fire, are Heat and Light, we fhall be convinced that 
its Nature coníiíls in nothing elfe but this ; that Fire is 
nothing but a certain Colleótion of terreílrial Partióles 
indifferently folid, which are all in a very great Agita- 
tion, becaufe they íwim about in the Matter of the firlf 
Element only, which they are of the fame Rapidity witb. 

?. Whyíts 3- In Order to have as clear a Notionof this as can be, 
Parts are we muíl remember, that the -Velocity with which the 
™ 0 Jck d / 0Wry M at ter of the firíl Element moves, is íncomparably great- 
er than that with. which the Parts of the fecond Element 
move, and that the fmall terreílrial Bodies which fwim 
in a Mixture of thefe cwo Elements, can only move with 
the Velocity of the fecond Element, becaufe this ílops 
the violent Motion which the firíl Element would im- 
preís uponthem : So that when thefe Bodies are furround- 
ed with the Matter of the firíl Element only, they muíl 
neceffarily be as rapid as that, in the fame Manner as a 
Piece of Wood moves as quick as the Torrent it íwims 
in. 

4 .whyít 4- This being fuppofed,' and taldng aifo for granted 

í« bot and what has been íaid concerning Heat in the firíl Part of 
tNs Treatife • it is evident, that the adlual Motion of 
the fmall Parts of terreílrial Bodies which are folid, is 
the true Caufe of the Fire’s being fo ¿of as we feel it. And' 
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if we cali to mind what the Nature of Light <jívas there 
íaid to confift in, we fhall be convinced, tharithe EfForc 
. which all thefe terreftrial Parts rnake to thraft forward 
and drive off every Way round them tbe fnjfell Globules 
of the fecond Element, muft caufe 1 the flte to be lu- 
m'mous. 

5, And that the Parts ivhich Pire is made up of, fwim y. How it 
in the Matter of the firft Element only, is ,what we fhall is <goducediy 
be fully convinced of the Truth of, if we confider how “mdaSuT. 
Pire is originally generated ; that is, how it may be pro- 
duced when there is none, either by ftriking two Flints 
againft one another,' or rather by ftriking a Flint-Stone 
againft a Steel. If therefore we look upon the Figure Tab xv _ 
and confider, that the Parts of the Flint-ftone A are ío Fíg.’j. 
connedted together, that there are fmall Interñices left be- 
twixt them, which are filled with the Matter of the firft 
and fecond Element : Whence it is eafy to fee, thas by 
the Stroke of the Flint-ftone A againft the Steel B, its 
Parts may get fo near to one another, and the Interñices , 
between may become fo fmall, that they can contain on- 
ly the Matter of the firft Element ; the Matter of the 
fecond Element being driven out, and they then left full 
of the Matter of the firft Element; Then, if weconfider, 
that the Parts of a Flint-ftone are very ftiff, it is eafy 
to apprehend, that they are alfo fpringy and nave a Ten- 
dency to return back into the State which they were in 
before ,• which they do with an incredible S wiftnefs. And 
becaufe Bodies which have a reciprocal Motion back- 
wards and forwards, always go a little beyond the Place, 
where they would be at reft in their natural State; fo 
likewife the Parts of the Flint are feparated a little further 
from each other than they were before it was ftruck a- 
gainft the Steel, which cannot be, they being fo very 
brittle, but that they muft be entirely feparated from the 
Mafs of which they were Parts. They muft therefore fly 
off into the Air, and be furrounded, for íbme Time at 
leaft, as you fee in C, with the Matter of the firft Eíe- 
ment: For being veryfolid, they have fufficient Forcé to 
puflr back every Way the fmall Globules of the fecond 
Element, (which are continually endeavouring to get in- 
to the Places which they were driven out of,) by their 

rapid 
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rapid Cihmmrotation : And therefore i thefe lítele Pieces 
muft appe&r lumlnous. 

%. Why the 6. This Feing the Nature of Fire, it from henee folio ws, 
fÓr'uan l'f ^at mu ^ g° out in a Momento if it be not fupplied 
FtacT‘ ^ with FeweK* both becaufe the fmall terreftrial Parts of 
which it fa compofed, by dafhing one againft another, 
are divided into ftill fmaller Pai£s, which have not Forcé 
enough to refift the fecond Elementa which is continu- 
ally endeavouring to extinguifh or choak it ; and alfo be- 
caufe thefe fame Particíes, by driving forward the Glo- 
bules of the fecond Elementa move on all Sides out of 
thofe Places where they fírít were, and come in amongft 
the Parts of the Air, where they lofe their Motion by 
communicating it to the Air, and ib goaway in Smoak. 
néraicmdi - 7 - Fewel therefore muft of Neceffity be added to Fire, 

tims of He- if we would have ic long preferved in the fame Place,- 
¿les proper to that is to íáy, fome Body muft be put fo near to it, that 
mmijb Tire. t j-, e p arts 0 f t i iat Body may go into the Place of thofe 
which are diífipated by the Fire or which are converted 
* into Smoak. And in order hereunto, it is neceffary in 
the firft Place that the Parts of this Body fhould be fo 
difpofed, that they may eafily be feparateAfucceífively from 
each other by the Adion of the Fire which they are to feed : 
And that there fhould alfo be a fufficient Number of 
them to repelí the Parts of the fecond Element, which 
are continually endeavouring to choak the Fire: This the 
Parts of the Air cannot do becaufe they are too fine, 
wherefore Air is not fufficient to nouriih Fire. 

8. Tiit 8. The Conditions requifite in terreftrial Bodies to 
particular com pleat thefe two general Properties, are firft, that their 
mis. p art3 B 10U ld be of uneq.ua! Bignefs, fo that the fmalleft 
of them being firft agitated, may help to increafe the Mo- 
tion of the larger : Secondly, that the Pores of thefe Bo- 
dies fhould be large enough to admit the Parts of the 
third Element which are already on Fire, in order to put 
the Parts of thefe Bodies intó Motion ; And Lafily, that 
thefe Parts fhould be fo conneded with each other, that 
the Parts of the fecond Element will fooner be driven 
from them all round, than they entirely be feparated from 
each other. 

9. Every 
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9. Every one of thefe Conditions are to be fdund in all 
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Sorts of dryWood, with this Differencc only, diar they are ^btrn. 
in fome in a greater, in orhers in a lefs Degreett wherefore 
they will all of themburn,butfome more eafiE than others; 
for Example, that which has the largeft Poílss, or that in 
which all the forementioned Conditions are fouíid, orfome 
of them inthe greateftDegree, will moft eafily burn. 

xo. The firft and the third of thofe Conditions now 10. Whf 
mentioned, are indeed to be found in Metals, but be- Metals art 
caufe they have not the fecond, they are not at all pro- neurijS^e. 
per to nouriíh Fire; yet however, as the moftfolid Wood, 
or that which has the feweft Pores, will very eafily burn 
when it is cut into Chips, or reduced to Sbavings like 
thofe taken ofF by a Joyner’s Plañe, fo likewife the Fi- 
lings of Steel, thrown croís the Fíame of a Candle, will 
burn immediately, and every Partióle of it will become a 
very bright Spark. 

x 1. The third of thefe Conditions feems to be wanting 1 1. ffo» 
in fuch Liquors as Oils and Aqua-Vita, which yetare very "fe 
eafily converted into Fire. But it is to be obíerved, that yf,V«*ró- 
thefe Sorts of Bodies being made up of ramous Parts, rijh Tire. 
in which there are a great many little Corners that the 
Parts of the fecond Element cannot get into, they muft 
contain a larger Quantity of the Matter of the firft E- 
lement, than other combuftible Bodies generally do: Now 
this Matter of the firft Element, confpires with that of 
the Fire, todrive away the Globules of the fecond Ele- 
ment, and contributes to malte the Parts of thefe Sorts of 
Liquors the more inflammable. 

12. When I faid that one Condition neceílary to make 12. u’b 
a Body capable of nouriíhing Fire, was, that it muft be i J em , W °!Í u 
porous (and its Pores muft be filled with lome Matter, m 
becaufe there is no vacumn in Nature;) I did not mean, 
that its Pores íhould be filled with fuch Matter as can 
hardly bedrivenout, - for that is much the fameThing as 
if ithad no Poresat all: Thus, green Wood, whofe Pores 
are filled with a great Dealof Water, will ¿arce burn at 
all, inComparifon with dryWood, out of which, the Air 
which gets into the Place poflefled before by the Water, is 
very eafily forcedj and thus likewife, a Linnen Rag dip- 
ped in Aqiia-Vitíe, when itis fet on Fire will not be burnt, 
becaufe the Fire which is nouriíh’d only by that Spirit 
has no more Forcé than is íufficient to lay hold of and 
carry away the Parts of the Aqua-Vitte, fo that it cannot 
agítate the Parts of th'e Rag, fo long a$ it contains fome 
gther Bodies befidefAir jn its Pores. 

13. If 
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13. °f 13. IfSve confider the íngredicncs of which 1 Gun- 
powder is made, we fhall find riiac ic-has all the Condi- 
tions requiflte to malee a Body take Fire wich the greac- 
eft Eafe. Rys a Compofition of Sulpbu.r, Salt-Peter and 
Cbarcoal, behtn together a good while in a Morcar, and 
now and tlíen a little Water in <which Lime hasbeen jlacked, 
poured upon it; This Mixture becomes a pretty hard 
Pafte, which in paffing through a Sieve, conforms it felf 
to the Bignefs of the Fióles, and is divided into fmall 
Grains, which are afterwards dryed with great Care. 

\t. vphat 14. Now Sulphur ■, is in its own Nature combuftible, 
S fnTYi beca ufe it is oily : And if it does not fo eaffly burn 
ents ’efnhich when it is in the Maís, the Reafon is, becaufe its Parts 
V « coTtpofed are then a little too much compreflfed, and befides not 
beingvery folid, they are not able to drive from them 
always the Matter of the fecond Element. The Salt-Peter 
is compoíed of very folid Parts, and which are of fuch 
a Figure as take up more Room when they are put in A- 

gitation 


1. Gunpowder ) The Caufé of 
the Exploíion of Gunpowder is 
thus explained by the famous Sir 
Tfaac Nervio », £ When Gunpow- 

* der ralees Fire, ic g oes away into 
‘ flaming Smoke. For che Charcoal 
c and Sulphur eafily take Fire. and íer 
4 fireto the Nitre, and the Spiritof 

* theNitrebeingthereby rarified into 
4 Vapour, rufhes out with Explofi- 

* on, much after the manner that 
4 the Vapour of Water ruflies out 

* of an cAEolipila the Sulphur alfo, 

* being volátiles is converted into 
4 Vapour, and augments the Explo- 
6 (ion. And the acid Vapour of the 

* Sulphur, (namely that which di- 

* ílils v.nder a ISeU into Oil oí Sul- 
4 phur) entering violendy into che 

* Hx’d Bodyof the Nitre, íets looíe 
4 the Spiritof the Nitre, and excites 
4 a great Fcrmcntation, whereby the 
4 Heat is farther augmerited, and 
4 the fixedBody of the Nitre is alio 
4 rarified into Fumej and the Explofi- 
e on is rfiereby* made more vehement 
c andquick. For if Salt of Tartar 

* be mixed wich Gunpowder, and 
c that Mixture be warmed till it 
4 takes Fire, the Exploíion will be 

* more violent andquick than that 

* of Gunpowder alones which 
e cannot proceed from any other 
6 Cauíe than the Aflion of the Va- 
< pour of the GunpovMer upon the 


c Salt of Tartar , whereby that Salt 
e is rarified. The Exploíion of Gun- 
c powder arifes therefore from the 
£ violent Adtion whereby all tbe 
c Mixture, berng quickly and vehe-. 
c meñdy heated, is rarified and con- 
e verted into Fume and Vapour, 
6 which Vapour, by che Violence of 
£ that A£bioh 9 becoming fo hot as 
c to Chine, appears in the Form of 
c Fíame. * Opticks ,pag. 317. 

So likewife concerning ^Aurim 
Fulminara mentioned above, (Part 
I. Chap. z6.Art. 13.) thefame ex- 
cellent Perfon fays, * Pttlvis Fttlmi ~ 
c nans, compofed of Sulphur, Nitre 
£ and Salcof Tartar ¡ goes off wich a 
c more fudden and violent Expío- 
c íion than Gunpowder, the acid 
c Spirits of the Sulphur and Nitre 
c ruíhing towards one another, and 
c towards the Sale of Tartar , with 
c fo great a Violence asby the Shock 
£ to turo the whole at once into 
1 Vapour and Fíame. Where the 
£ Diílblution is ílow, ic makes 
c a ílow Ebullición and a geiitle 
c Heat j and where it is quicker, it 
£ makes a 'greater Ebullición with 
£ more Heat ; and where íe is done 
£ at once, the Ebullición is contraft- 
£ ed into a íudden Blaft or violent 
c Exploíion, with a Heat equal to 
£ that of ^ire and Fíame. * Ibid* 
.M* 3 J 3 > 3 T 4 * 
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gitation than when they are at Reft, wich refpecft ro 
each other. And as co the Charcoal, we knoiv that that 
is made of Wood extinguifhed before it is quite burnt 
up, and muft therefore contain a very grea'j Number of 
Parts eafily co be puc in'Morion, and al© a very greac 
Number of Pores. For bebdes thofe whiélh were in the 
Wood before, there muft be a great Nüíbber of o- 
thers formed by the Fire. And as to the Limé-water, i z 
is evident, that ic ferves, in tbe firft Place, to hinder the 
other Ingredients from taking Fire, whilft they are 
beatiog in the Mortar, and alfo to connecf them a little 
together. But as the fame Things may be done by a 
great many other Liquors, I don’t fee why thís fhould 
be ufed rather than any of them, except they who malte 
Gunpovvder find by Experience, that the Powder moift- 
ened by this grows fooner dry, and is formed into hard- 
er Grains. 

15. Wherefore, this furprifing Compofition, which 15-, wty 
was firft found out by Chance about three hundred Years 

ago, will very eafily take fire, - becaufe the Fire which * 
is put to any fmall Part of its Superficies enters in by 
Means of the Pores of the Charcoal, in a Moment of 
Time ; and a great many Parts take fire almoft all to- 
gether ; firft thofe of the Charcoal which are the eafieft of 
all to be put in Motion ; and then thofe of the Sulphur, 
which immediately agítate the Parts of the Salt-Petre, 
and thefe being very íolid, and dilating themfelves very 
much, are the Caufe of the extreme Violence of the 
Fire. Tbe Powder being in Grains contributes alfo 
hereto, becaufe a great many of thefe Grains can take 
fire together. 

16. 1 Fíame is nothing elfe but Fire wholly difengaged is. ~What 
from terreftrial Bodies which yet are not altogether dift F,an “ “• 
folved, the Particles whereof being by the moft vehe- 

ment Agitation moved from their Place, and flying off, 
conftitute a very rare, and confequently very lig’nt, fhin- 
ing Body. 

17. The Pyratnidal or pointed Figure of Fíame, is 17 . wb) 
owing in the firft Place to the Lightnefs of it, which by “ 
carrying it upwards, makes it open and divide che Air, %i 
which Opening muft of Confequence not be fo wide at 

V o l. II. N . the 


1. Fíame is nothing elfe, &c.) Is 
not Fíame a- . Vaponr, Fume, or 
Exhá\ation heated red-hot 7 that is, 
Jo hot as to fhinc ? For Bodies do 


not fíame vcithont emitting a copious 
Fume , and this Fume huras in í be 
Fíame, Nswt, Opt. page 31 ó» 


m 


18 . Ofthe 
Motion ofthe 
*Air tomarás 
the Fíame . 


19 . That 
Fíame con- 
tains in it 
fome ofthe 
JS/latt&r of 
the fecond 
Element» 


10. Why 
Eodies Jlruck 
one againft 
another do 
ñot produce 
Sp arfes itnlefs 
they be very 
hará. 
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the Place-where it ends; and ic is alio owing tothis, that 
the higheft Parts of the Fíame are not ib iolid, and are 
lefs agitatedj than the other, either becaufe they have been 
batcered, and worn by daihing againft each other, or be- 
caufe they Rtve loft a good deal of their Motion, for 
which Reafon they are not fo able wholly to refift the fe- 
cond Element which endeavours to compréis them. 

18. Becaufe the Parts of the Fíame which are conver- 
ted into Smoke have always fome of the Matter of the 
firft Element going along with them ; therefore there 
muft always be lome other coming to the Fíame from 
the Places about it to fupply its Place ; which cannot 
be, but the groffer Parts of the Air muft be alfo dragged 
along with ic ; and this is the Reafon why the Air moves 
towards the Fíame. And this Motion is ftill increafed 
from henee, that the Air is forced to go and fill up the 
Place of the Parts of the Wood which are con verted into 
Fire. 

19. The Matter of the firft Element,- which drags the 

Air along with ic towards the Fíame, cannot help drag- 
ging fome of the Parts of the fecond Element along 
with ic alio: Thefe therefore entering into the Fíame 
along with the Matter of the firft Element in which 
they fwim, muft of Confequence be as much agitated as 
that, and fo confpire with ic to drive away every Thing 
that endeavours to fuffocate the Fíame. , 

20 . I think I have not omitted any one confiderable 
Circumftance with refpedl to Fire in general : One Thing 
may here be demanded, and that is, How it comes to 
pafs, that if two Sticks be ftruck one againft another, as 
hard or harder than a Flint-ftone is ftruck againft the 
Steel, we do not find any Sparks kindled : To which it 
may be anfwered ; that the Reafon is, becaufe the Wood 
being fofe, the Parts which are ftruck firft approach a 
little fooner to the fecond than thefe do to the third, and 
fo on: fo that a very little only of the Matter ofthe fecond 
Element is driven out of the Wood : Beíides the Parts of 
the W ood not being at all ftiff, they return back very ílowly 
into that State which they were in before they were ftruck : 
Wherefore they don’t break quite off, but give an Op- 
portunity to the Globules of the fecond Element to enter 
again into the Pores out of which they were forced : 
Whence it follows, that the Matter of the firft Element 
cannot loolen the Parts of the Wood, ñor put them into 
a fufficient Agitation for them to be in the Form of 
Fire. 

ai. This 
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21. This i s confirmed From henee, that if two Sticks _ * * • 

of exceeding hard Wood be flruck .one againít another, ^JufJhkh 
they will produce Sparks of Fire, in the lame Manner not hará, 
as two Flints ftruck one ágainft another. .ySo likewife, ™ e l 0 2 er^lui 
if two Pieces offoft Wood be rubbed one ajíainft another w* thm 
for fome Time, fo chat a good deal of the MatPar of the fe- hnrn - 
cond Element is perpetually made to come out of them, 
and the Parts of the Wood put into a more than ordi- 
nary Agitation, they will not only ' fend forth Sparks of 
Fire, but many Times be all of a Fíame. 

22. We might alledge for an ínftance of the Truth of 2l ; ' 
this, what is faid concerning certain People in America, ccs ° s 
who have no other Way but this to kindle a Fire when 
they want one; but not to go fo far, don’t we fee every 
Day that the Axle-tree of a Coacb, when it goes very quiefe 

in dry Weacher, anfl the Nave of the Wheel, by their 
mutual Attrition will both be fet on Fire ? 

23. After what has been now faid concerning Fire in 

general, there is no greac Need of faying any Thing partí- ftbllrraLat 
cular concerning fubtenaneous Fires. For it is eafy to Pires. 
apprehend, that where there are Mines of Sulphur or Bitu- 
men, theymuíl fend up Exhalations, which meetingwúh 
fubterraneous Caverns, they muít ítick to the Arches of 
them, in the fame manner as Soot d oes in our Chimneys, 
or as Flower of Sulphur does on the Tops of the Chymifts 
fubliming VefTels, where they often mix themfelves with 
the Nitre orSaltpeter, which comes our of thofe Arches in 
like manner as we fee it come out at the Bottom of an 
oíd Wall, and fo it malíes a kind of Cruíl which will 
very eafily tafee fire. 

24. There are feveral Way s by which this Cruíl may 24. Sem¿ 
tafee fire ,• one is, the Dafhing together of fome of its 

Parts which are forced by their ovvn Weight to feparate ji r T, ta 
from the Arch of the Cavern where this Cruft is form- 
ed ; another is, the Fall of fome great Srone, which 
is undermined by inferííible Degrees 1 by the Rain till it 
be quite loofened from the Rock which is over this Ca- 
N 2 vern. 


3 \y the Rain , &c.) ‘ It is 

e not only probable chat Stónes are 

* broken off by their own Weight, 

1 but becaufe Rivers run over them, 
‘ thecontinual Moiífcure weakgns the 
f Joihts of the Srone, and is every 
£ pay gecting it off from thofe which 

* it is lañen ed to, and (as I may .(ay) 
i íhaving off the Skin in which it is 


c contarned. Afterwards by perpe- 
c petual wearing they grow lefs and 
c lefs» and in length of Tíme be- 
c come £0 weak, chat chey are no 
c lcinger able to bear their own 
c Weight. Then Stones of a pro- 
c digious Weight fall down, and 
c thofe Rocks tumb'le, &c. s Séueca 3 
ÉQ'fáá, .Chaf, 2i* 
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vern, and fo tumble down, and breaking in Pieces 
fome partof chis Cruft, ic fets ic on Fire in the fame man- 
ner as we faid che American!, fec cwo Pieces of Wood on 
Fire, by rubbing chem one againíl anocher ; or as che 
Peftles in thfif'Gunpowder-Mills fometimés fec che Pow- 
der on Fires in pounding ic, if che Materials fhall chance 
co be buc a little coo dry : A chird is, when one Scone 
as ic falls ftrikes againft anocher, and fo produces fome 
Sparks which fec fire co che combuftible Maccer, chac is 
near ; co which we may add farcher, chac a large Scone, 
in falling from a very greaC Heighch in chefe fubterrane- 
ous Caverns, may by che Swifcnefs of ics Fall, forcé che 
Air (which ic meets wich, and which ic caufes co af- 
cend,) co move fo extremely fwifc, as co puc fome pares 
of che cerreñrial Matter which are chere, in as greac Agita- 
cion as che Macter of the firft Element, and which may 
confequendy ¿ fec on Fire all fuch combuftible Things 
as are in che Way. 

is-. That 2y. All che lubcerraneous Fires which are kindled in 
*tmmínu~ ^ Bowels of che Earch, do noc always break ouc fo asco 
Fires which be feen ¿ for they may be immediacely choaked as foon as 
¿o notappear. they begin, for wanc of VenCs or Holes for che Fumes Co 
exhale through : So chac chofe People who live upon the 
Earth under which fuch Fires are kindled, may not al- 
ways perceive them. 

í 6 . How 2 6 . However, if the fubterraneous Cavern be filled 
arefaníei. eS w ' t ^ 1 a ve T Benfe Exhalation, fuch as thac which a Can- 
dle fends forth when it is juft puc out, ic may rake fire 
all at once, and by dilating ic felf, lift up the Earch which 
is above ic, in the fame manner as Gunpowder puc into 
Mines lifcs up the Ground under which chofe Mines are 
made. After which, when the Exhalation is fpenc, the 
Earch which is lifced up, falls down again by ics own 
Weight; and in this manner are Earthquakes effe&ed ,• ic 
may alfo happen, that one fuch Earthquake may be fuc- 
ceeded by feveral others, if chere be íéveral Caverns near 
one anocher, which have any Communication with each 
other, fo that the Exhalations they are filled with may be 
fucceffively kindled. 

27. It 

2. Set on fire , &c.) A much I of forte Líquors, and of what they 
more probable Caufe of the fetting | cali Pitlvis Fulminan*. See above 
on fire than any of thefe, is fuch ! Art . 13. 
a Ftmemation of Vapours as thac i 
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27. It may fo happen, that a fingle Cavem may be 
fo large, and the Tra£i of Land which is as an Arch 
over it, may be fo great, that ir may divide aífunder 
and open towards the Middle, and the Places thereabouts 
may jink down much deeper than they werei.before : And 
this explains how whole Towns may befwalfwed up by 
one fingle Earthquake. 


C H A P. X. 

Of FOUNTJINS . 


OU G H we cannot confider the Origin of Foun- 
J- tains witbout fome Kind oí Admiración yet the Em 
quiry into this Origin, does noc feem to be any very 
dífficult Thing. For firft, if we confider, that the 
Springs of moñ of them never dry up, and that the Ri- 
vers, which are a Colleótion of them, though they run 
continiMy into the Sea, yet never fwell ic, we may eafily 
conclude, that the Sea furniíbes all the Fountains wirh 
W ater. 

2. Moreover, feeing ’tis manifeft that there are a great 
Number of Chinks in the ontward Earth, ic is reafonable 
to think, that thefe 1 are like fo many Channels throügh 
which the Water is carried from the Ocean, by its own 
Weight and Liquidnefs to the moíl remóte Places wh.ere 
we obferve the Springs to be. But becaufe heavy Liquors 
contained in large Veífels, keep themfelves upon a Le- 
vel, and do not rife higher in one Place than in another ; 
We don’t fee how the Water which comes from the Sea 
N 3 fhould 


I. Are like f o many Channels , &e.) 
To* which we may add, that Rain 
and meked Snow, *and Vapours 
raifed ouc of the Sea by the Heac of 
' the Sun, and driven by the Winds 
upon the coid Sides of very high 
Mountains? on which they flick, be- 
ing condeníed by the Coid, and run 
through the Chinks of the Earth 
and Scones, into Receptacles of Clay 
¿nd Stones which are v/itbin ic , in- 


creafe theíe Waters by being added 
to them s or rather that they make 
up the principal Pare, if noc quite 
the whole of them. See Varen* 
Geogr. B ook I. Chap. 16. Prop. y, 
Clerc's Phyf. Book 11 . Chap. 7. VoJJ] 
of the Orig- of the Nile and nther 
Rivcrs K Chap. V and VIII. and the 
Phi/ofophicalTrcwfaftionSiNíimb-. 1 1 fo 
and 192.. 
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2.J» How 
•óphole Tovons 
may be ftoal^ 
lowed itp. 


1. That 
theVVaters of 
Fountains 
come from 
the ¡Sea* 


2. How 
this Water 
gets to the 
Fountains, 
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fhould rife hígher in Burgundy , for Example, or Cham- 
y>aign, where che Springs of the River Sein are, thaninthe 
Sea near Havre-de-grace where this River difcharges ic 
felf. And wet the Countries of Burgundy and Chm- 
■paign, where theíe Springs are, being fo much higher 
than the íürface of the Sea, as the whole Fall of the 
River Sein in the whole Length of its Courfe is, we muft 
conclude that the fmall Veins of Water, which reach to 
the Places where theíe Springs are and furnifhes them with 
Water, muft rife fo much above the Surface of the Sea. 
Wherefore we muft find out the Caufe of the Waters 
being raifed to the hollow Places in the Mountains frotn 
whence we fce them come, and alfó explain why, when 
the Water in the Sea is falt, that in theíe Springs is 
not fo. 

trJ’Jíli 3- W e cannot acquiefce in the Opinión of fome Phi- 
ílluZ'mt lofophers, who afcribe to the Parts of the Earth which are 
dramtipbkc above the Veins of Water, a Power of fucking and draw- 
’ n S them up to the Tops of high Mountains j becaufe we 
are fure that Suction prefuppofes a Power of moving it 
felf in the Body that fucks. Thus we cannot fuck up any 
Liquor without íwelling our Bodies, which we oughc 
not to prefume that the Earth can do ; and the 
Comparifon they bring of a Sponge dipped into a lit- 
, tle Water, fignifies nothing : For, befides that there 

can be but a lítele Water raifed up in that Manner, ic 
would follow, that the Water in the Springs would be 
falt, becaufe Sale can very eafily pafs through all thofe 
Places where any coníiderable Quantity of Water can 
país. 

. 4 ; 4- Nothing can be more abfurd than the Opinión of 

ZiyZc'Th' ^ ome oc ^ er Philofophers, who are perfuaded that the Wa- 
hjophcn. ’ ter of the Sea extends it felf to thofe Places, in the high- 
eft Mountains, where we find any Springs, becaufe the 
Surface of the Sea is higher ftill than thofe Places in the 
Mountains : For if this were fo, it would follow, that 
the Rivers which return into the Sea would afeend and 
pót deícend. 

5 „ T¡,üt y. X’nat then which appears to me moft reafonableto 
Ifiiic'sZ think ccncerning the Manner in which Water is raifed, . 
¿ijlends in \he from thole very low Places, and which are at fuch a Di- 
Scrm of v a - ftance from the Sea, to which theft own Wéight and 
VhíVZi'uf Eiquidnefs brought them firft, is this,- that it is diífolved 
«j Moim- into Vapours by the Fleat which is in the Bowels of the 
ums, Earth, which Heat isfound by Experience tq be the great- 
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er, the deeper we go : Now thefe Vapours can no: exrend 
themfeives, ñor condnue on their Motion conveniently 
by expanding íideways, becaufe there are others wbicb en- 
deavour to dilate themfeives at the fame Time on all 
Sidesj wherefore they muft neceíTarily rife up intothehígh 
Mountains : And this is fo true, that fome c & them are 
carried up into the Air, where they are afterwards for'm- 
ed into, and compofe Rain, Snow, andHail. 

6 . This being fo ; It is eafy to apprehend, that thefe 6 _ ™ at 
Vapours, when they come towards the Superficies of the 

Earth,- where the Parts of it are coid, muft lofe a great ienjed.'fnppty 
deal of their Motion : So that not having Motion enough 
to rife any higher, there remains only lo much as is íuf- ’ v 
ficient to make them llide by each other, and gather in- 
to fmall Drops of Water, whofe Weight maltes them run 
downwards ; where a great many of them happening to 
meet together, they compofe a fmall Stream of Water, 
which runs on further to fome Place where it unites it 
felf with a great many other fuch like Streams ; And thus 
they all of them together compofe a pretty large Vein of 
Water, which finding fome Cleft in the Mountain for it 
to come out at¿ we cali it a fpring of running Water or 
a Foimtam 

7. The Veins of Water which thus funply the Springs 7. n„t ■ 
or Fountains, ought to be found in the Cavities of Moun- ‘fy a V° í fír - 
tains, that they may come out and run down by their own ’vveihmúh 
Weight : And as for thofe, which in great Numbers rraicr. 

lie hid under Plains and Valleys, it; is evident that they can 
never rife from under the Surface of the Earth : However, 
thefe are not wbolly ufelefs; For befides their Ulefulneís 
in moifting fome Parts of the Earth, and affording nutri- 
cious Juice for Plants, they ferve alfo to form Wells and 
to fill them. 

8. And becaufe the 1 Salt does not rife up in Vapours g. rw 

along with the Parts of frefh Water ; it is manifeft that >>oth Sp'iug 
the Waters of Springs and Wells muft be frefh. ‘vpJtn' 1 " 

9- Wherefore, if there be any Springs which fend forth u¡ be 
Salt Water, as there are fome in Burgtwdy and Lorráin-, f rr l b - 
it is becaufe they * dilfolve the Salt which they meet with spriugr- 
in the Earth as they run along; as we fhall eafily be con- may fend 
vinced, if we obferve that thefe Waters eat up their Banks 
N 4 by 


1. The S.ilt dees not rife rtp, 81c.) 
We may addi that the 'Salt is gradu- 
ally fepárated From the Water by be- 
’ng ftrained through.a great deal of 
Sand, and perhapstieing mixedwuU 


other Salts, as ir pafles through 
the Earth, is precipitated. 

2 . Diffohe the Salt which they meet 
with, &c.) See Tnrcnins Gcograph. 
littek I. Chuy, 17, Prop. 14, 
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by Degrees, fo that they are now much deeper than they 
formerly were. 

10. If inftead of Salt, the Veins of frefh Water meet 
with any metallick Matter or any Minerals whatíoever, 
they take off fome of the fineffc Parts from them ; and 
henee arifd? all the difFerent Properties of thofe Waters 
which have their particular Ufes in Phyfick, fuch as thofa 
of Forge, St. Mion, Feugues and Spaw. 

11. The Waters of Bourbon are very 1 remarkable for 
their Heat, which very probably is owing to their being 
mixed with fome fmall Bodies that arein great Agitation, 
which in fome Meafure refemble thofe fmall Parts which 
rife up firft in Wine whenit is diftilledj and which Chy- 
mifts cali Spirits : For if thefe Waters be carried away, 
they immediately lofe all their Vertue, if the VeíTels they 
are put into be not well ftopped. 

12. And it is not at all neceííary, that all thefe particular 
Sorts of Water, fhould contain any fenfible Quantityof 
thofe foreign Corpufcles, in Order for them to have thofe 
Properties which we fee in them. For we find by Ex'- 
perience, that Regulas of Antimony infufed feveral Times 
in a large Quantity of Wine, will not beatall diminifhed, 
though it makes the Wine a very ftrong Vomit. A great 
many Phyíicians therefore do in vain perplex themfelves, 
to find out by Diñillations what thofe foreign Bodies are 
which are contained in medicinal Waters. 

13. The Vertue aferibed to fome Fountains, 2. of pe- 
trifying, or turning into Stone, feveral Sorts of hard Bodies 
thrown into them, fuch as Pieces of Wood, Bones, and 
Muflí rooms, confifts in nothing elfe but this, that they 

con- 


r. RemarkabUfor their Heat , &c.) 
See Sénecas Nat. Qncfl. Book III. 
Chap. 24. and Varen. Geogr. Book I. 

9 Chap. 17. Prop. 7. 

2.. Of petrifying or tnrning into 
Sume t &c.) There is a River in 
Thrace, vchich if yon drink of it 
mili tnrn yonr 'Boxeéis into Stone , and 
cafes xoith Marble xchatever is pac 
into it. Concerní ng which Séneca 
thus fpeaks, in his Hat. Qnaft. 
'Book III. Chap. 20. c The Mud of 
“ ic is of that Nature, ' that ic glues 
c< Bodiescogether, and hardenstnem. 
As.thé-D.úft;of Pyiteoli.t ifi.ccouch- 
es the Water, icbecomes Stone, 
Cc fo on the contrary, this Water, 
<£ if it touchesany Thing íblid? ílicks 
“ and cleaves to it. Henee iris, 
« that Things thrown into this Lake 


c{ are afterwards taken out converted 
Ci into Scones. The fúme Thing 
cc happens in fome Parts of Italy¡ 
Cc if you put in a Rod or a green Leaf, 
c ‘ in a few Days afeer, you take out 

“ a Scone And Pliny , Book 

II. Chap. 103. £C In the Cicons Ri- 
££ ver, and in the Lake of Velinus , 
cc in the Country of Marca di An- 
“ cona Wood caí! in, is covered 0- 
ver with a ffony Bark, and in 
“ Snrius , a River in Colchis s ío that 
£t a hard Bark commonly covers 0- 
Ct ver the Scone ftill. So ükewife 
c « in cheRiver Silarins , beyond Sur- 
e: rentnm , notonly Rods putin, buc 
alfo Leáves turn into Scones The 
Wqtéí is' otherv/ife very wholq* 
“ fome to drink. ” i 
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contain ín them, a great deal of that terreftrial Matter, 
which webeforefaid helps to uniré the more grofs Partióles 
ofSand,and focompofeFlint-ftone,Free-ftone,and Marble, 
a vifible Quantity of which is found ¡ in theTubes which 
bring the Waters of Arciál and IJ]i to -j- this City ,• which u. p ar ; Si 
Matter is ftopped in the Pores of thofe Bodies'Io that they 
are filled with it. And of this we have an undoubted Proof, 
becaufe the Bodies thus petrified appear no longer porous, 
but are much harder and heavier tiran they were be- 
fare. 

13. If infteadof that terreñrial Matter now mentioned, 14. ofthe 
raifed up by the Heat of the Earth in the Form of Ex- Sfrm¿scfou. 
halarions along with a very great Quantity of Vapours, 
this fame Heat íhould raife up a coníiderable Quantity of 
greafy Exhalations, which might come to unite together 
and condenfe, when they meet with the coid Parts of 
a Mountain, thefe would compofe alio a greafy Liquor, 
and confequently we fhould fee 2 a Spring running with 
Oil. But this can happen but very feldom, becaufe fuch Ex- 
halations are much harder to be raifed up than Water. 

And if there be any little Veins of Oil to be met with 
at all, it muft be in ver y low Places fuch as Mines 
are. 

i). There are other Springs which are remarka- 15-. ofa 
ble, not for any particular Vertue that is iñ their Wa- 
ter, but only becaufe S the Water runs at a certain' íí ' 

Time, and keeps a certain Period : For thefe Springs 
are obferved to run when the Sea flows, and to ñop 
when the Sea ebbs. It will be no difficult Matter to 
account for this, if we confider that all the Way 

from 

‘ the lame is reponed of Ecbatana. 

Plin. Book 31. Chap. 2.. Some íñch 
Sorc of Springs are now co be found 
alio. See Paren. Geogr. "Book I„ 

Chiip. 17. Frop. 8. 

'3, The Water rtins at a certain 
TimCi&cc.) « There is a Spring iíi 
c the Form of a Well near che Tem- 
c pie of Hercules at Cádiz, which 
‘ íometimes rifes and fallsas the Sea 
c does ; ac other Times ic does che 
4 reverfe ; in the fame Place another 
‘ agrees with the Times of che Sea. * 

Fhny “Book II. Chap. 97. There are 
Tome Springs now to be found which 
do the íame. See Varen. Geogr* 

Book I. Chap. 17c Frop. í7« 


1. in the Tubes, ücc.) 4 A whitiíh 
e and commonly fulphuriíh Water, 
c hardens abouc che Canals and 
‘Tubes.* Séneca’ s Nat. Quaji. 
'Book III. Chap. 20. e The Springs 

* a t Marpnrg beyond the Rhine in 

* Germany are hoc, and their Waters 
1 make a Pumice-ftone abouc the 
‘Banks.* Fliny, Book 31. ch. y, 

2. A Spring running with Oil, 
Scc.) Polyc/y tus relaces, c That near 
c Solij a City of Ciliciu , there was a 

* %ing thac íupplled ch$ Place of 

‘O’d. Theophrafus fays, chac 

* there was a Spring in csEthiopia, 

* which had the fame Vercue. Thac 
'■ the Water of theSpring Lycos would 
' turn by puccing a Candletoic ; and 
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froM the Sea to che Mountain where any one of thefe 
extraordinary Springs is, there is a Channel, into which 
the Water of the Sea enters but a lítele^ the remain- 
áng Part of it being filled wich Air only, becaufe it 
is above the Level of the Sea : This being fuppofed ; eve- 
ry Time thf Sea flows, it rifes up in this Channel and 
filis it fuller than ordinary : And as it rifes, it drives along 
the Air and Vapours contained therein towards the Head 
of the Spring : Whence confequently the Water mufl 
ran out. On the other Hand, when the Sea ebbs, the 
Water in the Channel defeends, and the Air alfo thac 
is in it returns towards the Sea, and carries along with 
it, all the Vapours that could be condenfed into Water; 
So that the Spring is dry all that Time. 

C H A P. XI. 

Of W I ND S. 

oj the TT A V I N G thus endeavoured to give án Account of 
Wsri> WM. -sTJL w hat is mofe confiderable in the Earth ; let us now 
examine what pafles in the Air, and try to explain what 
are generaily calleá Meteors, the moft common of which 
is the Wind, that is to fav, that fenfibíe Agitation of the 
Air by which a confiderable Part of it is carried out of 
one Country into another. 

WipAtri Ít‘ ■ 2- Now we confider that the fluid Matter of the 

tpUeaumi. firfland fecond Element which turns round about a certain 
¡iiiaiiyfrom Center, deferibes an entire Circle fo much the fooner as 
fnthttnrid f hc Circle is lefs ; for Inftance, that which turns about 
Ztuii. the Sun, and is near it, makes a Revolution fooner than 

that which is further oíF ; and that which is about Júpi- 
ter, and very near hirn, compleats its Courfe fooner than 
that which is more diftant ; we fhall be apt to think 
that the Cafe is the fame with refpedt to the Matter of 
the firft and fecond Element which encompaífes the Earth, 
and turns about it ; and confequently it fhould feem that 
i the fluid Matter which is about the Equinoccial Line, 

íhould 

may add, . that the Sun, in all Parts of 
the tor¿d 7,one verv much rariñes 
the 


j. The finid Matter which i i about 
tkt Síc, To chis we 
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fliould cake up a lictle more Time to finifh its Revola» 
tion from Weft co Eaft, than that Marrer which is abouS 
the two Poles, where the Circles defcribed by it are the 
leaft of all : And becaufe the Earth is always carried that 
Way by chis Matter, we conclude, that it muft be carried 
with a mean Velocity betwixt that of the Matter which 
is near the Poles, and that of the Mattel' which is near 
the Equator j that is to fay, it ad vanees not quite fo faft 
from Weft to Eaft, as the Matter which is near the Poles 
does, and a little fafter than the Matter under the Equa- 
tor 3 where confequently we ought to perceive a Wind 
from Eaft to Weft : And this is what all Mariners have found 
by Experience ; who have always obferved the Wind on 
their Backs when they fail from Eaft or Weft in the torrid 
Zone, and al way the contrary Wind when they fail from 
Weft to Eaft. 

3. Becaufe the Air becomes of the fame Nature with 3. Ofthe 
the Country through which it paíTes, and is very much °f 

heated in going over fandy Places, which reflecl: almoft u,£ h md ' 
all the Rays of the Sun 3 and very much cocled, in 
paffing over Water, which abfords almoft all the Rays 3 
it will eafily appear, that the Wind which we are fpeak- 
ing of, muft coníiderably cool thofe Countries into 
which ic is carried over a long Tract of Sea. And thus 
we apprchend the Eaftern Parts of áfrica to be very 
températe, though they be the Middle of the torrid 
Zone, becaufe they are perpetually cooled by the Eaft 
Wind which comes thither from the Perftan Sea : But 
it is otberwiíe irr the Weftcrn Parts 3 for though the Eaft 
Wind prevail there as it does in the other Countries, 
yet ic does not come thither till it has had Time to 
be heated in paffing over a great xnany fandy Countries, 


the Air which It is every Day almoft 
dire&ly over; and the Air thus rari- 
fiedj becaufe when the Sun is about 
fetting, ic cannoc take up ío much 
Space, muft necefiarily be condeníéd 
by the Forcé of che denfer and heavier 
Air ruíhing upon ic from the Eaft, 
Wherefore che whole Mafs of Air 
muft conftantly follow che Sun, that 
is, fiow cowards the Weft. Soe 
Clerc’s Phyfiá Eook III. Chap . y. 
and the Philofophical Tranfaólions 3 
Níimber 183. 

Buc concerning the Wind’s blow- 
jng from che Eaji in che torrid Zone, 
.Ayiftftxlft íays, <*4nd fo here the 


4. The 

North- Wind ceafes and cannot pent~ 
trate any farther ; upon the Southern 
Coaji beyond Lybia, as the Wind 
blows North and South here , f 0 there 
the Eaft and Weft Wind alto ay s 
blaro fnccejfively bytjims. Meceor. a,, 
Chap. y. It is ¿t very wonderfnl 
Thing (fáys Fred. “Eonaventure ) that 
the oldefi Philofophers. vohen neither 
he ñor any of the ^Antients, as roe be~ 
Heve , had found out what thofe Coun - 
tries rvere, [ hould yet Jo truly and Ja 
cxattly declare rohat Winds diei 
blotv and what di d not, in thofe Planes 
where they had nsyer beers» 1 
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4 . my 
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7* 

South- 
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*. 7b a t 
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VVind ought 
to be fironger 
than tks 
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4. The Sun cannot but dilate the Air by heating it, and 
fo caufe it to move fometimes one Way and fometimes 
another in the fame Country, according to its diíFerent 
Pofition with refpecft to that Country ; and this is the 
Reafon why we perceive feveral Sorts of Winds. Thus 
for Inftanffj, when the. Sun rifes with us, it dilates the 
Air which it is perpendicularly oven and caufes it fo to 
move every Way, that fóme Parts of itmuft come to- 
wards the Wefl , where we are ,• Whence it follows, that 
we ought then to feeí the Wind from the Eafl. 

5. On the contrary, when the Sun fets, the Air which 
is diredly under it, by dilating it felf every Way, muft 
have fome Part of it come towards the'E^y?, where we 
then are with Refpedt to the Sun ,• Wherefore we 
ought to perceive the Wind to be Wefl then. And be- 
caufe what we have faid of cur Country, may be ap^ 
plied to others which are out of the torrid Zone, we 
may affure our felves, that the Eafl Wind blows in thofe 
Places in the Morning and the Wefl-Wmd in the Evening. 

6 . Further,- It is to be obferved, that when the Sun 
dilates the Air which is direótly under it when it is in 
the Meridian, part of that Air muft be lifted high up, and 
then carried by its own Weight towards that Pole which 
is next it, where it drives forward the Air that it meets 
with, and forces it downwards towards the Equinodial 
Circle : Thus it is evident, that at Noon-Time, in any 
Northern Country, we ought to feel the Wind blow from 
North to South , and alfo to blow downwards. 

7. Without Doubt the Sun has no Power over thofe 
Countries where it is Midnight.; yet becaufe the Heat 
which it excites in the Day, continúes for fome Time on 
the Earth, this caufes a large Quantity of Vapours to rife 
up which are hindred from afcending very high by the 
Air which the coid Night condenfes ,• fo that they are 
forced to move along upon the Earth from the Equinoc- 
tial Circle where rhey afcend in very great Quantitiesj 
and fo carrying the Air along with them, they caufe a 
W ind from South to North , in thofe Places which are on 
this Side of the Equator. 

8. Thefe four Winds which blow in their Turas, from 
the four principal Quarters of the World, ought 
to haye diíFerent Propertíes. And, Firft, the Eafl-Wind, 
which prevails in the Morning, ought to beftronger than 
the Wefi-Wind ; not only becaufe it confpires with the 
firft general Wind which is obferved to blow continually 
between the two Tropicks, but alfo becaufe the Air which 

dilates 
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dilares ir fclf and blows towards the Wefl, tends towards 
a Place where the Sun having been góne from the Me- 
ridian eighteen Hours, the Air has hadTimetogrowcool, 
and to be coníiderably more condenfed than that towards 
which the Weft-Wind tends, where the Sun is but íix 
Hours from the Meridian, and where it caufetuhe great- 
eft Heat and the greateft Rarefadion. 

9. The North-Wmd ought to be pretty ílrong, becaufe . 9- Tb*t 

it is excited by the Sun when it has the moñ Power, ^infTafhi 
m. when it is in the Meridian. And on the contrary the to be flrZ>%ct 
South-Wind ought to be very gentle. thar¡ , 

10. As to any other Qualities of thefe four Winds, “o , H ríít 
thofe that are flrongefi ought to be the coldefi, according the jircn^eji 
to what was íaid concerning Coid in the firíb Part of this 

1 reatiíe. cji. 

n. Further, itisevident that thefe Jlroízg Winds ought ll - Tbat 
alfo to be the moft capable of dryivg, that is, of diflodg- ^ u^btiht 
ing any Pardcles of Water which may be in the Pores or dryejf. 
upon the Surface of terreílrial Bodies .which are expofed 
to the Air ; fo likewife on the other Hand, the gentkft 
Winds ought to be the moiflefl, not only becaufe they 
cannot give the Parts of the Air a íufficient Forcé to 
diflodge the Parts of the Water which they meet \yith • 
but alfo becaufe the Vapours which are in the Air, not 
being in any Agitation, eafily ftick to any Bodies which 
come in their Way. There is a particular Reafon why 
the Wefi-Wmd fliould be moift, and that is, becaufe it 
moves contrary to the general Courfe of the Air, which 
is from Eafi to Wefi , and which caufes the Vapours which 
íorroundthe Earth to haveaTendency tomovethe fame 
Way, and fo makes them gather together on an Heap, 
and confequently makes them more capable of moifinmg 
any Thing. 

12. It is true, that what has been faid upon the Sub- 

je£l of the fore-mendoned four principal Winds, ought f ca«}etZay 
not to be found exadly true any where but in the Mid- hínder thefe 
dle of large Seas, where there is nothing to hinder the^-^"^- 
general Caufe from producing its Effed , For as to any 
other Places, there are ío many particular Caufes 
which contribute towards the Produdion of Winds, that 
We ought not to wonder that they are fo very irregular, 
and that we do not obferve them in the Órder liovv 
deícribed. [o Ar . fio 

13. It is probable that Ariftotle never thought of the rleV Cpifjjort 
general Caufes of Winds, becaufe he makes no Mención th e 
of them in his Writings, but confines himíelf 10 partí- 

cular yt'má. 
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cular Caufes only. And becaufe heobferved that Winds 
have the Rroperty of drying, therefore he thought, that 
when the Wind blew, the Air was then moved along by 
a Principie which had no Moifture in it ; ío that he aflérts, 
that Winds are cauíed by certain dry Exhalations, which 
ariling out*;of the Earth, move one particular Way upon 
the Superficies of it. 

14. I do not deny but that the Exhalations which rife 
up into the Air and take their Courfe one particular Way, 
may help to carry the Air from one Country to another, 
and ío cauíe that Agitation which we cali Wind. But be- 
caufe both Reaíon and Experience convince us, that the 
fame Caufe which difpofes fome terreftrial Parts to exhale 
ín this Manner, muit alio attheíáme Timeexciteamuch 
larger Quanticy of Vapours ; and becaufe the Water which 
is converted into Vapours dilates it felf a great deal more 
tban the terreftrial Parts which arein the Form of Exha- 
lations can do; it cannotbe* doubted but that Vapours are 
the principal Caufe, and contribute much more to the 
Produdion of Winds, than Exhalations tio. 

15. The' Reaíon why Arifiotle was not of this Opinión 
makes nothing againft me : For though the Winds are 
caufed chiefly by Vapours, yet they ought notwithíland- 
ing that to have as much the Property of drying as if they 
proceeded wholly from Exhalations ; becaufe the great A- 
gitation which the Partióles of the Air and Water are in, 
makes them carry off a great many more Partióles from a 
moift Body than thofenewones which they leave upon it. 

1 6. Ñor is it to be doubted but that the Winds do fix 
fome new Particles, and that there is no Wind how v¡- 
olent foe ver, but does fome what moiften a Body that is per- 
feófly dry : For we find by Experience, that if we dry a 
Linnen Cloth before the Fire, till it will fmoak no longer, 
ío that all the Moiñure is gone out of it, and then expoié it 
a little while in the Wind, it will not be ío dry as it was 
before, but if it be beld to the Fire, it will fmoak again. 

17. What has been faid concerning Winds is confirm- 
ed by Experience in an JEolipile , which is a Veífel made 
of Copper or any other Metal of the Shape defcribed in 
the Figure. The Cavity of it is at firft full of Air only 
which is made to dilate it felf, by putdng it near the Fire 
till the far greateft Part gets out at the Hole A; then 
the fmall Neck A is dipped into a Veífel of Water ; and 
as the Air in the JEolipile condeníes by growing coid, the 
Wacer enters in, in the fame manner as we formerly faid 
the common Thsrmomeur was filled with Awa-Eortis. 

This 
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This being done, the JEoliple is placed in the Situation 
you fee in the Figure, and the low Part DEF reíling 
upon lome red-hot Coals, the Water contained in ir, 
rifes gradually in Vapours, which fly about in the Space 
DCBF, and dafh againíl one another, and make thoíé 
which they meet with near the Hole A to corsé out there 
witha great Forcé: Thefe Vapours carrying the Airalong 
with them, produce a Wind, which continúes till all the 
Water is evaporated or the Fire goes out ,■ and this 
Wind has all the Properties which we obierve in thofe 
which we take Notice of upon the Surface of the 
Earth. 

18. We may compare the Caviries of Mountains to ,3. ^ 
the Hollow of an JEoliple ; the . Heat which is in the Comparífin 
Bowels of the Earth to the Fire which dilates the Water 

in this VeíTel ; the Water carried by the Sea in feveral mdm /Eo- 

fubterraneous Channels, to the Water contained in it : and r, P i!e - 

the Chinksof the Earth, tbrough which the Vapours get, 

to the Hole of the ¿Eoliple. «But becaufe tbe Smallnefs of 

this Hole contributes to make the Vapours come out 

with fo great Forcé ,• and becaufe it is very probable that 

the Chinks of the Earth are not fo fmall, or at leaft, that 

the great Number of them is equivalen t to one large 

Hole; therefore it is very difficult to believe that the 

Winds fhould be fo violent as they are fometimes, if fome 

other Circumítances did not contribute to their Violence. 

No ( w it is certain 1 that there are Mountains fo ranged, 
that they will not fuffer the Vapours which come out of 
the Sides to take their Courfe but one particular Way only, 
and this muft make them go with great Violence and 
Swiftnefs. 

19. And if there be a large Extent of Country in Th.,t 
which there are no Mountains, there may notw'ithftanding 

that be Winds generated, becaufe the Vapours which 

move upwards at firíl, may be determined by proper 

Mills or Clouds to alter their Courfe and to move T'üsata't 

fideways afterwards. 

20. We 


x, That there are Mountains fo 
ranged» &c.) « Whatever is íent 
cc forth fcom Moors and Rivers 
ct (which isa greac deal and continn- 
“ ally afcending) in the Day-Time 
tc is Fewel for che Sun ; in the 
‘ c NJghc-yime it is not confumed, 
íc buc is contained becween the 
“ Mountains, and kepcin a particu- 


<c lar Place 3 When this is ful] and 
« will hold no more, but is preífed 
<c on one Side and fo goes along 
“ one particular Way ; chis is a 
Wind. Wherefore it prefiés chac 
« Way where there is a írcer Paf. 
“ fjge for it, and more Room for 
Cí that which is heaped cogecher to 
< e ruainco. Séneca s natural 
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20. We may add to this, that an equal Quantity of 
Vapours is noc raifed every where alike in this Globe 
which is compofed of Earth and Water ; and that thofe 
which arife ouc of the moifteft Places, being much great- . 
er in Quantity than thofe which rife out of other Places, 
have moi^Power to dilate themfelves and to go towards 
thofe Places which are dry. And this is the Reafon why 
when the Sun heats the whole Hemiíphere upon which 
it íliines, the Air is carried from the Sea to the Latid, 
and fo cauíes a Wind from the Sea : Whereas when the 
Sun is fet, becaufe the Earth preferves its Heat much 
longer than the W aters, which lofe theirs in a very lítele 
while (according to that Law, The lefs folid Bodies are , 
the lefs while do they preferve their Motion) therefore more 
Vapours muft then arife out of the Land than out of the 
Water, and confequently, they will carry the Air along 
with them from the Land to the Sea, and fo caufe a 
Wind from the Land. 

35 * ^ Q ^ H* $ H" ^ ^ ’l’ H' $ 

CHAP. XII. 

Of MIS TS and CLOUDS . 

O O long as the Vapours and the Exhalations which ac- 
^ company them are in fo great Motion as to produce 
Winds, and to hinder their Partióles from uniting together, 
it is impofíible that they fhould fo much darken the Air 
as to be perceiv’d, becaufe the Adion of the Light which 
paffes through it, is not at all interrupted, ñor any ways 
reflededj but when thefe fame Vapours 1 come to lofe the 
Agitatíon they were in by Degrees, and to ftop in any 
particular Place in a large Quantity, and the Partióles 
of them to unite together ,• they muft then. neceffarily 
hinder the Adion of the Rays of Light from paffing on 
beyond them, becaufe there being a great Number of 
Drops of Water one above another, their feveral. Super- 
ficies will refled them all: And thus the Air becomes 
dark, and a Mijl or a Cloud begins to appear in the Place 

where , 

I. To lofe the ¿Agitation they were in* ] Rain. See the Notes on Chap, 12* 
&c.) For che Cawfes of Clowds and I Vari I. *Art. 41, 
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Mierethis Colleflion of Particles of Water i s, and of fuch 
■ a Bignefs as the Space which ic poffeíTes. 

2. Ifthe Partióles of Water which ftop in chis manner z.'Tkat 
and are fufpended in the Air, retain fo much Motion as to fíff “f d 
ílip by each other, they muft compofe a great Number 

of very fmall imperceptible Drops of Water : But if tompafid „f 
their Motion be entirely ceafed, itis evident, that becaufe wZlríni 
they ftop by each other without ariy order, they mu ñfemtimescf 
compofe a very thin and very light Body ; which not be- Phces "/ 7ff " 
ing liquid, ought rather to be called 1 Ice, or very fine 
Snow, than Water. 

3. But whether a Mift or a Cloud be made up of imper- 3. 
ceptible Drops of Water or Ice, it is certain that neicher c,más nTe . 
the one ñor the other can fall to the Ground but very the Air. "* 
flowly, - becaufe thefe Drops of Water or Pareéis of Ice 

have a very large Superficies compared with the Quantity 
of Matter they contain, and confequendy have but little 
Weight to overeóme the Refiftance which the Air they' 
meet with malees before it divides it felf. To which we 
may add, that the Vapours which rife out of the Earth, 
and afeend to a great; Height, not only hinder rhe Matter 
of which Mifts are compofed from falling 3 but may 
make it afeend ftill higher, fo that tbat which was a Mift, 
may in a íhort Time become a Cloud. 

4. It is to be obferved ,alfo, that if the Particles of 4. 0/ the 
Water which" afeend in the manner now mentioned, in f/¿ r , em d 5or,s 
order to form Clouds, do not go very far before they lofe "íhlTmay be 
all their Motion 3 then they do not give the Exhalations, famá» 
which arife along with them, time to feparate themfelves; 

in this Cafe therefore they muft necefíarily be blended to- 
gether : But if the Vapours have Forcé enough to raife 
themfelves to a íiifficient Height, and meet with no Ob- 
ftacle to hinder them from continuing on in their Courfe 
forfomeTime; then, becaufe they can eafily move them- 
felves and fly off, they will get uppermoft ; fo that there 
will be two Clouds as it were, the higheft of which is 
made up of Particles of Water or Ice, and the lo- ver 
one of Exhalations only : And if after this, there afiles 
other Vapours and other Exhalations, which afeend in the 
fame manner, they will form a great many different Beds 
or Banks of Clouds compofed of Vapours and Exhaiatigus 
by Turns. 

VoL. TI.. O C H A P. 

i- Ice or very fine 1 ,Sr/ow, &c.) I fuch Clouds as thefe by RefraSíon 5 
Concerning Parhelions ¿nd : Cueles I See Hf*geh¡us's PQjfthwmv¡us V* 0i.k.» o 
vfhich they -cali fíalo’ s, formed in | 
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C H A P. XIII. 

#• 

Of Rain, Drizzle, Dew, and Evening Damps. 


A S two contrary Winds may caufe a Mift or a Cloud 
to be formed, by bringing together a great Quantity 
of Vapours into one Place y fo it may happen, that a 
very ftrong Wind blowing upon a Mift or Cloud, may 
carry off its Pares one after another, and make ir talce 
the Forra of Vapours again, and foiu Time a 11 the Clouds 
may be diífipated : However this is not the ufual Way in 
which they are diffipated : the common Metbod is, that 
the Cloud diífolves, and falls all down in Rain : The 
only Difficulty in this Matter is, what fhould caufe the 
Parts of a Body which is fo thin as a Cloud is, to thick.'l 
and become fo denfe as to acqúire a Forcé fufficient to 
overeóme the Refiftance of the Air which oppofes its 
Fall. 

2. If we believe the common Philofopbers or rather 
the common People, we muft fay, that this Forcé is 
owing to the Coldtiefs of the Place where the Clouds are, 
becaufe it is generally thought that Coid only has the 
Power of condenfing any tbing. 

3. I do not fay but that Coid may fometimes contri- 
bute to this, by making the fmall infenfible Dropsof Water 

- which were difperfed about in the Air, meet together 
and be converted into Rain, which perhaps would other- 
wifenever have met. For, I readily own, that the groffer 
Parts of the thickening Air, may by approaching each 
other unite the infenfible Drops of Water, which other- 
wife might never have united together, and confequently 
make them capable of defeending : I alfo acknowledge, 
that when the Vapours are juft ready to be converted 
into infenfible Drops of Water, the Coid which comes 
upon them, and which condenfes rhe Air, may aíTemble 
a very large Quantity of them together, fo that they may 
be heavy enough to fall down ; And this very well explains 
how it may fometimes rain when it is very clear and be- 
fore there is any Cloud formed : But I think alfo that 
there are other Caufes which are more common, by which 
the Clouds are condenfed, and vyhich caufe them to 
be converted into Rain. 

4. For 


dhap. ij. of Natural Phílosóí>hv, 

4. For firft, it is evident, that when the Wmd blows 
againft a Cloud and does not carry it.entirely along with 
it ; ic muft malee the Parts of the Cloud approach nearer 
each other, andeaufe a greac many Drops of Water, which 
were infenfible while at fome Diftance from one another, 
to join together, and thereby compofe very»large Drops, 
whoíe Weighc malees them to defeend. 

y. It is alfo evident, that after any Cloud is formed, 
diere may ftill rife other Parts of Water in the Form of 
Vaponrs, which may continué to be iitde agitated after 
they meet with thofe which were ftopped before, fo 
that by joining with them, they may become heavier 
and acquire a fufficient Forcé to overeóme the Refiftance 
of the Air which can no longer hinder them from fal- 
'ling. 

6 . Butthat which is the mofteommonand 1 the moft ef- 
feílual Caufe of the Clouds being converted into Rain, is 
the Heat of the Air which is near the Surface of che 
Earth and which is carried up to a confiderable Heighc by 
fome Wind : For chis hot Air, arriving at the Clouds, 
difpofes that very fine Snow, of which they are compo- 
fed, to mele and to condenfe into a greac many finall 
Flakes, which overeóme the Refiftance of the Air and 
fall down, and at laft being entirely diílolved by the 
Heat which they meet with in thofe Places through which 
they fall, they are converted into Drops of Rain. 

7. And thefe Drops will be very large, if the Cloud be 
denfe, and the hot Air gets to the upper Pare of ic ; fór 
then every thing confpires to malte the finall Drops of 
Water or Pieces of Ice to join a great many of them tc^ 
gether, and to compofe very fenfible Drops at firft, which 
defeend by their own Weight,- but which afterwards in- 
creafe very much by joining themfelyes with thofe that 
they meet with, as they fall through the wholeThicknefs 
of the Cloud. 

8. But if this hot Air reaches to the Bottom only of 
a very thin Cloud, the Drops muft necefiárily then be 
very finall ; and if befides this the Heat of the Air be 
very modérate, thefe Drops will be fo very Imall as not 
to compofe Rain at all but only Drizz/e. 

O 2 9. As 
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9. As to Dew, there is no great Difficulty in compre- 
hending how thac is formed, if we confider that when ic 
is moft clear and calm, which is the Time when the 
Dew falls, there is always a great Quantity of very fmall 
Parts of Water, which fly about in the Form of Va- 
pours ; thefe gradually lofing the Agitation they were in, 
gather a great many of them together and fall downin infen- 
fible Drops, which generally ftick to the Leaves of Plants, 
and then uniting with each other, they are converted into 
Water, and the De w becomes vifible. 

10. This generally happens a little before the Stín rifes, 
becaufe then the Air not having been heated by its Rays 
for fome Time, is grown colder, and is therefore more 
fitted to aíTemble the Vapours which are in it : However, 
there are Places where the Air grows cool a little after 
the Sun is fet, and there the Dew muft appear fooner. 

11. If the Heat of the Air has been very great all 
Day, it may happen, in fome Countries, that the Super- 
ficies of the Earth may be put into fuch a Marión, as to 
iend forth Exhalations which rife up into the Air along 
with the Vapours : And becaufe thefe Exhalations lofe 
the Agitation they are in, a great deal eafíer than the Va- 
pours do ; therefore they muft fall down fooner. Now 
herein confífts Eve?iing-Damps ; which according as the 
Places or the Bodies exhaled are, may be very noxious. 
For ic is very probable, that what is exhaled out of any 
infedtious Places or poifonous Herbs may caufe a great 
deal more Mifchief, than ftmple Vapours raifed out of 
the Bofom of the Earth. 

12. And it is a very great Miftake to think that Per- 
fons may entirely guard againft the Mifchief fuch Damps 
are capable of doing, by covering up their Heads cióle. 
For as they are drawn in along with the Air in Refpira- 
tion ; it is certain that by entering into the Lungs, they 
will do much more Hurt, and more eafily corrupt the 
Blood, than they can do by applying themfelves to any 
external Part of the Body, which is not fo tender. 


^ 
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CHAP. XIV r 


Of Snow, Hail, and Hoar-Froft, 


I T was obferved before, that tbe Parts of a Cloud may J Hom 
begin to defcend though they be not entirely diffolved ■, s „¡ m ¡™ 
and that for tbe moft Part they are not quite melted made, 
and turned into Drops of Rain, till they come near the 
Earth, where the Heat is generally greater than it is high- 
er up in the Air : But if the Particles of a Cloud, which 
is only condenfed and no way melted, fall through no- 
thing but coid Air, then they may reach to the Earth 
without being diffolved 3 in this Cafe, inftead of a great 
many Drops of Rain, we fhall have a great many Flakes 
of Snow ; which cannot but be white, becaufe the watry 
Matter of which ic is compofed is very much interrupted 
by a large Quantity of Air, whofe Pores agree fo ill with 
thofe of the Ice, that the Light Which endeavours to pafs 
through, is more eafily refleded back. 

2. If fome Part of the falling Cloud be melted, and it 2 ofi-uu, 
afterwards meets with 1 coid Ah which freez.es it again, and the fu 
itisevident that that which then falla down muft be Hail, 
and the Figure of the Hail-ftones will be fo much the 
nearer to round, the more they were diffolved beftíre ; 
and they will be exadly round, if the Coid by which they 
are frozen again, comes upon them when they are entirely 
melted. 

3. Thus there muft be very different Sorts ofHail pro- o/Haii- 
duced, according to the different Degrees of Heat which fines in the 
is in the Place where the Cloud is diffolved : And if the of Fy? 
Heat be but modérate, it may fo ad upon the extreme r ^' ,v “ ds ^ 
Parts of every little Piece of the Cloud, out of which 
a Hail-ftone is formed, as to melt them and reduce them 
to Water, before it can get to diffolve the internal Parts 3 
and by that time thefe are diffolved, the external ones 

O 3 may 
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may be frozen again by the coid Air through which they 
pafs: So that the internal Parts which. are neareft tK§ 
Center, meking, and by thatmeans growing more denfe, 
join themfelves to the external Qnes, and fo form a Sort 
of folid Cruft ; in the fame manner as we fee the Parts of 
a dry Tree recede from the Pith towards the Bark, where 
the Parts are fo cióle and compad.like.an Arcb, that the 
internal Parts which are condenfed afterwards, are forced 
to retire towards them. And as, in this Inftance, the 
Fibres of the Wood which íürround the Pith at a cer- 
tain Diftance, when they come near the Bark and take up 
a largor Circuit, fplit in feveral Places, and make Chinks 
like Stars, which are more particularly to be feen in the 
Part where the Wood is cut; fo in like manner, the 
. Parts of Water in retiring from the Center towards the 
Superficies, as they freeze by Degrees, divide from each 
other in feveral Places, Thus if it happens that there are 
three Fiííures made which interfed each other in the 
Center of the Hail-ftone, then it will be fplit and divided 
ínto eight Parts, each of which will be in thé Shape of a 
Pyramid, the Bafe whereof is thé eighth Part of the Su- 
perficies of the Hail-ftone, andtbeTopof it, the Piece of 
íce which before was neareft to the Center. 

4. Sometimes there falls fuch Sort of Hail-ftones as 
thefe, and fometimes fuch whofe Pyramids are fliarper, 
fo that tbeir Bafes don’t feeem to be above the two and 
thirtieth Part of the Superficies of aSpbere; which makes 
methink, that, in this Cafe, every eighth Part of the Su- 
perficies of the Hail-ftone is again iubdivided into four e- 
qual Parts by three new Clefts. And if their Points and 
Corners do appear generally a little blunr, fo as to be like 
Sagar- Loa ves, it isowing to this; that in thefe Places the 
Heat afféded them more, and diffolved the Particles 
of Ice which were there. 

5. The Figure of thefe Sort of Hail-ftones is not at all 
wonderful of forprizing compared with another Sort 
which are quite fíat and very thin, and which are fome- 
times cut into- the Shape of Stars with íix Points exaótly 

' equal, or into that of Rofes with fox Leaves, or fometimes 
into that of íix Flower-de-fuces connected together by the 
Points fuch as are reprefented in the F igure, only they are 
much fmalfer and a great deal rnnre exad. 

6 . Sínce we never fee any fuch Hail-ftones as thefe but 
after a very great Wind, there is Reafion to think that 
they are formed pretty ncárly in the following manner. 
Firft, che Agitación of the Air' caules a great many Par- 
ticles. 
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ticles of Wa ten which fly abouc in the Form of Vapours 
to meet againft each other as chey freeze, and to compofe 
Hail-ftones Ip very fmail, thac they would not fall down 
by cheír own Weight only, if che Wind which blows up- 
wards did noc hinder their Defcenc. Buc the Wind dees 
realiy blow againft them, and carries them up fometimes as 
far as the lower Superficies of a Cloud, where, by that time 
they arrive, they are covered o ver with Vapours which 
ftick to them like a very fine Down. And now they 
may better be called fmail Flakesof Snow than Hail-ftones, 
and are fomething like to thofe iittle Things which come off 
from fome. fort of wild Thiftles, which grow in the 
Country, towards the End of Summer, and which are fo 
very light, that by the leaft Motion of the Air, they are 
carried about, fometimes as far as the Villages, where 
the Children play with them and cali them Barbes -4 
Dieu. 


7 . When thishappens, thefe Flakes of Snow range them- 7 . How 
felves upon the Superficies of the Cloud which has been thefe Flakes 
made fmooth by the Wind blowing againft it • and be- tnthJhaer 
caufe they are very nearly equal to one another, their Snrface 0/ a 
Order is fuch, that every Fiake is furrounded by fix o- Clmíi - 
thers, except thofe which are at the Excremities of che 

Leaf compofed by them ; as any one may eafily appre- 
hend who has learned but the firft Elements of Geome- 
try ; or as he may fee with his Eyes, if he places feveral 
leaden Bullets of equal Bignefs upon a Trencher, or ra- 
ther feveral Counters upon a Table. Thefe latter are beflf 
for the Purpofe, becaufe they are fiar, as che Flakes of 
Snow we are fpeaking of are, the Down on the upper 
Part of them being rubbed off by their giating againft the 
Cloud, and that on the lower Part, by the Wind preffing 
upon them as it blows along. 

8. And there may be feveral Beds or ieveral fuch Kind g. 7 

of Leaves formed one under another, wichouc their be- feveral Bcd¡ 
ingjoined cogether,- for che Wind, which puts them into 
an undulacing Motion, moves thofe Leaves which are formed ’ 
lowermoft íomewhac difFerently from thofe which are - 
above them. Buc whether there be only one Leaf, or a 
great many of them, we may certainly affirm; thac every 
one of thefe fmail Flakes of Snow, which are round and 
flat, is the Matter out of which thefe Hail-ftones in the 
íhape of a Star or a Rofe or fix Flo\Ver-de-luces, are im- 
mediately formed for nothing farther is required to cojn- 
pleat fo furprizing an Effecl, buc only a modérate Heat in 
the Air. 
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p. This warra Air may be driven from fome Parts near 
the Earth by the Wind : VVhich Wind becaufe it can 
very eafily blow between two Leaves compofed of thefe 
Flakes, where it meets with a dire¿t PaíTage, muít necef- 
farily diífolv^ thofe remaining Partióles of Water which 
ftick up like Hairs or Down upon the Superficies of eve- 
ry one ofthe fraall Flakes. Befides; this Air, by getting 
into the fix triangular Spaces, which muft neceffarily be 
lefe between the fimilar Flakes, when they touch one 
another, muft alio diffolve that very fine SnoW which is 
near the Circumference of them into Water , the Parti- 
cles of which being put in Agitation by the Heat, join 
themfelves to thofe Partióles which remain undiffolved, 
and as ibón as they are thus joined, they are immediately 
frozen again. Thus the Partióles of Water which ftick 
up like Hairs on the upper and lower Superficies grow flat 
and are broken, by being melted and frozen again, and 
every Flake by that Means becomes thinner, and is turn- 
ed into a fmalí Píate of Ice : And as to thofe Hairs which 
melt in the Edges of the triangular Spaces, they grow 
denfe as they recede towards thofe which unite every one 
of the Flakes to the fix which furround it ; and thus there 
are fix Clefts made in fix Places of the Circumference 
where the Heat can moft eafily come, which growing 
narroweras they get nearer the Center ; it is evident, that 
every fmall Píate of Ice muft be of the Figure of a Star 
with fix Points, fuch as is here reprefented in A After 
which the leaft Shake is capable of difunicing them 
and making them fall down to the Earth feparately. 

io. If the Heat of the Air be a little greater than what 
was juft now fuppofed, it muft continué longer in thofe 
Places which are moft expofed to it, that is, in the fix 
Points, and confequently muft put them in Motion and 
malee them grow blunt : By this Means, the fmall Píate 
of Ice, which before was in the Figure of a Star, will 
now become like a Rofe, with fix Leaves, as it is 
répr&fented in B. 

ir. And if the Flakes, of which this Hail is compo- 
fed, were at firft larger than ufual ; it may happen, that, 
they will hot only be divided in fix Places, in Order ' 
to forra fix Points j but that Part out of which one Point 
is to be formed', -may be fubdivided into three leífer 
Points, by two finad Fiflures made on each Side of thofe 
Hairs which join tó the Hairs of the next Flake ; And 
thus there may be two Points formed on the two Sides, 
which may bend a little outwards, becaufe the Heat 
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ing with a little more Forcé diere, caufes alfo the Con- 
deníation to be fomething more : Whence ic follows, that 
irfteadof a íingle Pointof a StarorLeafof aRofe, there 
will be formed a F lower-de-luce j and inftead of an entire Tab. xv. 
Star there will be formed a Hail-ftone like that reprefent- F,g- 7 ‘ 
ed in C. 

12. If the Heat of the Air a£t with greater Forcé ftill la _ ofr ome 
upon thefe Hail-ftones, it willdiffolve fome of their Parts <¡thd snts of 
proportionably more or leís; whence it is eaíy to colledt Hail 

that there may be a thoufand difFerent Sorts formed. And 
if all the Parts of one Leaf be melced, whilft the Parts of 
the Leaf above and the Leaf below it are approaching 
towards each other, the Drops of W ater that are made 
by this Diífolution, may ferve, like Glue, to join the two 
Stars together flat-ways, fo as to make them but one., 
with twelve Pomts in their due Proportion, if they hap- 
pen right. 

13. All thefe Sorts of Hail-ftones are generally very thin 1 3. Why the 
and traníparent, becaufe the Particles of Ice of which 

they are compofed are very clofe and compaót. But 7huk™“ m “ 

fometimes there fall fome that are quite white and lar- 

ger ; the Reafon of which is, becaufe they meet with a 

great many Particles of Water, which fly about in the 

Air, which ftick to them as they fall down to the 

Earth. 

14. As the Vapours lofe their Motion when they meet 14. of 
with Hail, fo it is eafy to apprehend that they rpay fome- 

times lofe their Motion when they meet with other coid fnjh. r ~ 
Bodies. And thus it is that froten Mijls and Hoar-Fro[is 
are formed, which cover the Earth, and ftick to the . 

Branches of Trees and to the Hair of Travellers, efpe- 
cially on thatSide where the Wind blows. 

4? áp? dpi? áp? ¿p? áp? ¿1? ál? ¿i? . 4 * ‘ 

CHAP. XV. 

Of Honey-Dew, extraordinary Rain, and Manna . 

H AVING thus treated of Meteors which are compo- 1 . How 
fed of nothing elfe but Water; we muft not forget " 

to fay fornething of fuch as may be made up of fome J 
[at Matcer which is found in the Earth, and which af- 

cends 
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cends in che Form of Exhalatiorjs. Here icis to be ob- 
ferved, that if, when che Weather is warm and no Wind 
ftirring, a confiderable Quantity of Vapours and Exhalacions 
iTiould rife up togecher, and be in fo great Agication as ro 
aícendío fome Heighc ; chen che Vapours, which can eafily 
difengage tlfemfelves, would feparace from the Exhalacions, 
and gec above them • and che Exhalacions whofe Pares are 
more entanglecl, and which cannoc afeend fohigh, would 
fly abouc by themfelves in che Air nearer to the Earch. 
And if it happens chat chis Air be moderacely cool in the 
Nighr, the Vapours may continué to be in fo much Mo- 
nonas to keep the Form they were in ; but che Exhala- 
tions, confjiting of Parts whofe Figure malees them more 
difpofed to be at reí!, will condenfe themfelves, and ga- 
ther incoa Mifit, which will extendit feif over any Coun- 
try in Proporción to che Quantity of Exhalations. Tbis 
being fo, if, when they meet wich any dry Bodies, they 
thicken intoa Kind of oily Liquor, in thefame Manneras 
■we before faid, Vapours thicknedinto Dew^ rhey will 
then malte that Honey-de* w which is fometimes fo trouble- 
íome to the Country-men. 

2. tVhy 2. The Exhalations which compofe Honey-dew, being 
Hmty-de» 0 f an 0 ¡[y Nature, it is evident, that they will ítick to 
zpo/tZcorn, the dryeft Bodies fooner than to any other-; and becaufe 
mi boro it ¡i Cora and fuch like Plants, are génerally very dry, at that 
mjmuat t» S ea fon in which the Ho?iey-dew falls, it muft be upon 
thefe Sores oi Bodies that ir is found in any large Quanti- 
ty : And it cannot but be very injurious, if the Weather 
be very clear afcerwards, and the Sun fhoots his Rays up- 
on thefe Plants ; for the oily Liquor which they are 
daubed over with, being capable of great Heat, 1 burns 
them up and quite corrupts them. 

j. of 3. If the Exhalations be condenfed at fome Diftance 
°f from the Earth, they will form a Cloud and not a Mili, 
and by growing ílill denfer, from fome of the Caufes by 
which Vapours are ufually converted into Water, they 
will compofe a kind of oily Drops, which being alfo of a 
reddifh Colour, gives Occafion for them to be taken for 
a Sho'iSer of Blood \ fuch =■ as is related in Efiílory to have 
fallen fornetimes. q. The 


I. B 'f rns them up and quite corrupts 
them:). Ptiny reílifies¿ Book 18. chap, 
2.8) tbac a great many of the Anci- 
enw affirmedj that Dea burnt up by 
the fcorchirsg Sun, is the canje af the 
ídouty-dew ov Cor», though he himfelt 
chinks ofherviíe. 

ir Bis is related in fl'flory. Scc.) 


Tic. Liv. Book 42. Se£l. 2.0. Thtu 
toas a Rcport of its hdving ■ rained 
Jslood for thrce Days ai a Taren in 
Itaiy i and in feveral ocher Pla,ces oí 
the Tamé Author. So likewiíe.PA’- 
ny, ’Bock II. Chap It rained 

Blood roben M. Aciliüs and C P$í? 
clus aere Confias, 


Chap. i6. of N a tur al Philosophy.' 21*9 

4. The Exhalations being ver.y difFerent in difFerent 4- Of 
Countries, according to the particular Nature of the Pía- ^ anna - 
ces, thev muft produce very difFerent EfFeóts. Out of 
thefe., Manna, for Inftance is formed, which is of fuch 
frequerit Ule in Phyfick ; and which is gathered in the 
Morning from certain Trees to which it fticks? Of chis 
there can be no Doubt, becaufe it always fticks on that 
Side where the Wind blows. As to any Thing further¿ 
as, that Mama is not found upon all Plants, the Reafon 
us, becaufe the Exhalations don’t every where find Super- 
ficies proper for them to ftick to. 

C H A P. XVI. 

Of ‘Fhunder , Lightning , and Hhunderlolts. 

yHUND E R, Lightnmg, and Thunder-bolts , are the moft . i. a* 
furprifing of all Meteors j and becaufe they are very Th> ‘ff,¿’ s 
óften accompanied with Rain and .Hail, the Order O ^ ro ' u '“ 
Things requires, that after having treated concerning thefe, 
we íhould endeavour alfo to explain how the other are 
produced. Let us imagine tiren, that fometimes a great 
many Clouds are formed one above anotber, which are 
compofed alternately of Vapours and Exhalations, raifed 
by the Heat, at difFerent Times, out of the Bowels of the 
Earth. Let us confider further, that the Seafon moft 
proper for this Purpofe being the Summer, during which, 
the Air near the Earth has Time to grow hot, efpecially 
if it be calm ; it may happen, that fome Parts of this 
Air, may be carried up, by fome Wind that rifes af- 
terwards, to one of the higbeft Clouds, and blow againft 
the upper Part of it ■ fo that it will condenfe, almoft in a 
Moment, that very fine Snow of which the Cloud is 
compofed, by making thofe Parts which are uppermoft 
approach nearer to thofe which are under-them: By this 
Weans this Cloud will defeend whole upon the nexc 
Gloud under it, and that with a confiderable Swiftnefs, 
without this latter bejng able to defeend at all ; becaufe it 
is hindred, by the ufual Caufes which fupport the Clouds at 
a certain Diftance from the Earth, and by the Wind which 
wejuft qqw fuppofed to be arifen. This being fo,- the 
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Air which is between che upper and lower Cloud,; is for- 
ced out of its Place in fuch a manner, that that which is 
near the extreme Parts of the two Clouds gets out firíh 
and fo gives an Opportunity for the extream Parts of the 
upper Cloud to fink down a little lower than the Middle 
of ic doest, and fo to comprehend a great Quantity of Ait 
in it, which ftriving to get out by that i very ítraight and 
irregular PaíTage which remains, it is very eafy to imagine 
that the Manner in which it gets out muflí caufe it to make 
a great Noife, for the fame Reafon that the Air which comes 
out of an Organ through the Pipes makes a great Noife., 
Thus we may hear the Noife of Thunder without íeeing 
any Lightning. 

í. tht* 2 . I confefs indeed that this Sort of Thunder cannot 
make any ver y great Noife ; But becaufe the Exhalations 
gkss Crack, which are fometimes between the two Clouds, one of 
which falls with great Forcé upon the other, are gene- 
rally fo compreífed in fome Places, that the Parts of the 
fecond Element which were mixed with the Matter of 
the firfi: Element, among their little Branches, are dri- 
ven out thence ; it happens by this Means, that the Ex- 
halations which are in thefe Places, fwimming only in the 
Matter of the firfl: Element, are converted into Fire; 
which communicacing it felf in a Moment to every 
Thing that is combufliible all round, it dilates the Air pro- 
digiouíly, and proportionably increafes the Velocity with 
which it gets out from between the two Clouds : And 
this caufes, not a rutnbling Thunder, but a terrible 
Crack. 

3- h¡>» , 3. Further j as the Fíame which proceeds from Exha- 

is j at ¡ ons j s c h e p ure ft of all, fo is it very proper to pulli 
forward the fmall Globules qf the fecond Element, with 

which 


H o Very Jiraight and irregular Paf- 
jage , &c.) 1 1c is very common with 

* us tohoíd Water between our two 
6 Hands joined togecher, and chen by 
4 comprefiing them, to fqueeze itout 

* like a Syphon. homething like 
c rhis ynu may íuppofe to be done 
r there. For the Scraicneís of che 

* Ciouds when they are compreífed 
c togecher, forres out che Air which 
4 ísin the Middle — > and drives ic 
c on as an Engine does.’ Séneca 1 s 
Nac- Qjxft. Book 2. Chan. 1 6. 

Bur> ic is far more probable, that 
Thunder is produced not by the fal> 
Hngoi the Clouds 3 but by thekindiing 


of fulphureousExhalaci ons. Thus 
rtcm Fnlminans makes a great Noife- 
For fome fulphureons Stearns, atai 
íTimcs xohen the Earth is dry > afeend - 
ing into the Air , ferment there roith 
nitrous Acids-s and fometimes tal'ing 
FirCs caufe Lightning and Thunder. 
and fiery Meteors. For the Air a- 
bonnds with acid Vdponrsfit to pro- 
mote F ermentations j as appears by tht 
rujiing of 1 ron and Copper in it y the 
kindling of Fire by blovoing 7 and the 
beating of the Heart by meáns of Re- 
fpiration. Newc. Odc. p. gfj-. See 
alfa the Phi/ofophical Tranfaffion íi 
Nnmb . 123. 


Chap. 16 . o/Natural Philosopht. 

which it is furroifnded, to the Objefts which are every 
where about; and they refleding it to our Eyes, we muft: 
neceífarily have the Sight of thofe Objecls raifed in us, in 
the fame Manher as if the Sun orany Fíame fhone upon 
them ; And in this confifts Lightning, which, according 
to what was fortnerly faid concerning Lighc aflti Sopad, 
muft be feen before we hear the Thunder, notwithftand- 
ing they are made together, or perhaps the'Thunder is a 
little before the Lightning. 

4. Neicher ought we to thinkit ftrange, that the Thutí- 
der continúes longer than the Lightning, if we conftder, 
that the Agitation of the Air, which produces the Sound, 
may continué on, after all the Exhalacions which produce 
the Lightning are entirely confumed. But we íhould add 
to this, that the Clouds and a great many other Bodies 
likewife which are upon the Earth, caufe fe.veral Echoes 
which make that rumbling which we hear after the great 
Crack of Thunder is over : And this is confirmed from 
henee, that the fame Caufe which produces an Echo with 
Refpedto one particular Place, willnot al ways produce one 
with Refped to añother Place 4 and thus likewife, the 
fame Clap of Thunder is not heard in the íame Manner 
in all Places. 

y. As it may thunder, as was faid before, withour 
Lightning, fo it may happen likewife to lighten 1 without 
Thunder ¿ for the upper Cloud may be fo fmall, and may 
alfo fall fo ílowly upon the lower one, that the Air may 
not acquire a fufficient Agitation to produce any Noife. 
But notwithftanding this, the Exhalations may be fo com- 
preífed, that all the Parts of them fwimming only in the 
Matter of the firft Element, they may take fire all at once 
in order to make a Flaíh. 

6 . Further • As the Heat, which makes a Cloud grow 
fo heavy, as to fall very quick upon another Cloud, müft 
alfo be fufficient to diífolve fome Part of the Snow of 
which the Cloud cóníifts; it follows that at every Clap of 
Thunder, there muft fall down a very great Quantity of 
Rain. And fo we always fee there does, if the Thunder 
be diredly over our Heads. 

7. That 

i. Without Thunder i) Ir very of- 
ten happens, that the Thunder, being 
ata very great Diftance, is not heard. 

As Seneca very well obíerves, ‘What 
c then, fays he* does ic not alfo lígbc- 
‘ en ío mecí mes in a calm Night, 

. When the Sears appear ? But y oír 


are co unaeríxand, that there are 
c Clouds in that Piace from vphence j 
c the Lightning comes, thougb rh¿ 
c fwélling óf rhe Eaahwií] not fufifer 
c lis to íee them. ' Na;. 

ITook . 2 . Chap. z6* 


2 2 a* 


4 . Why 
the founei of 
the Thunder 
lafls longer 
than the 
Lightning «. 


5 *. Hoto ¡i 
lighteñs 
rv'thout 
Thunder» 


6. That 
the Rain 
ought tofa!l 
voich great 
Forcé every 
time it thnst « 
ders . 
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7 . Th*t i . Thacwhich is commonly called Thunder, if it breaks 
Thmdnblití an ^ tears an y Thing to Pieces, is then called a Thunder- 
are faife. holt. And becaufe it is a general Notion amongft tbe Peo- 

pie, that the hard'eft Bodies have the molí Power to ípoil 
other Bodies, - therefore they believe, that befides the Light 
and che Fíame which come out with fo much Violence 
from betvveen the Clouds, there comes out alio a very 
hard Body which they cali a Thunder-flone ; And if we 
don’t fee one of thefe fall, at every Clap of Thunder, the 
Reafon is, they fay, becaufe it does not always dart it felf 
towards the Eartb, but gets out at a Part of the Cloud that 
looks anotner Way. But if chis were fo, it is impoffible 
but that one of them fhould have been íeen to fall at lome 
* París. Time or other, in fome of the Streets of this * great 
City, or in fome Court, or on the Roof of fome Houfe; 
which no Perfon, that I know of, can affirm that they 
have feen. And it is a very weak Reafon, to fay,' that 
we do not fee them, becaufe they are not darted direétly 
againft the Earth j for if they move ílanting or upwards, 
they muft at laífc fall down by their own Weight. 

8. That 8- But there is no'Need of having Recourfe to a hard 


this stoniis Body in order to explain the more common Effedts of Light- 
ning : For if we coníider that Gun-powder which takes 
Pire in a Cannon, hath nothing of Hardnefs in it, and yet 


of no tefe to 
explain the 
Effeíls of 
JLifhtmng by , 


has Forcé enough to drive out a Bullet with incredible 


Swiftneís, and fometimes to fplit or break in Pieces the 
Cannon it felf ,• we fhall be convinced that there is no 
Need of a Thunder-flone to tear Bodies in Pieces in the 
Manner we fee them. 

o. Homit p. Not that it is impoffible for a hard Body to be ge- 
"tardad- nerace d ’ n die Air, which may be taken for chis imagi- 
no be' \cnera- nary Stone; if there fhould be in the Air any volatile 
ted in the Salts, mixed with fulphureous Exhalations, and any other 
more terreftrial Exhalations, fuch as thofe which fettle like 
Mud to the Bottom of Rain-water, which ftands covered 
for fome Time: For we find by Experience, that Sulphur, 
Saltpetre, and this Mud dried, if they be mixed together 
in a due Proporción, will be converced into a very hard 
Stone by the Fire as it were in a Moment of Time. 
io. jn r hy IO , IsJor is it at all wonderful that Lightning fhould fall 
Lrghtmng ^ U p 0n Bodies which are at the greateñ Hesght from the 


falls general- 
if-ifpon the 
iighejl Pla- 
ces, 


Ground, fuch as the Tops of Towers, fooner than upon 
thofe that are lower : For, the Clouds where the Thunder 
is generaced, being very high, and the Opening being ge- 
nerally on the Sides of them ¿ the Exhalación which darrs 

out 
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outthence, and which moves ílaunting, m'uftftrike againíl 
the Bodies which are very bigh. To which tnay be adaea fur- 
ther; that iftwo Clouds which are joined together at rheir 
Extremities, be abouc to break in che lower Part, it ougbc 
generally co be in a Place, diredtly under which there is 
lome very high Body ,• becaufe this Body refiáting at firíl 
the Deícent of the Air, maltes it divide and lepara te on 
each Side, and this caufes the Cloud, which has the íiime 
Determinación, to open exadlly in this Place, wbere con- 
fequently the Lightning can the molí eafily delcend. 

11. Ic is alfo eafy to apprehend how Digbtningmay burn 
Mens Cloaths and Haír, wichout dóingl them any other 
Mifchief; and fometimcs, fpend its whole Forcé upon fuch 
Things as redil it moft; 1 in breaking the Bones, for In- 
ítance, without fendbly damaging the Fleíli : For, there 
beingvery different Sorts of Exhalations, lome of them 
may be like Sulp'nur, the Fíame of which is very light, 
and will take hold only of Bodies that will eafily burn : 
On the other Hand, fome of them may be very fubcle 
and penetrating, much cf the fame Nature as volacile Saks 
or 'Aqua-Fortis, which will not meddle with Bodies that 
are very foft, but exerr t’neir whole Forcé upon hard Bo- 
dies, fo that they will dillolve Bones or íron. It is 
very true, that a Bone may alfo be broken only by 
the fhaking of the Air, in which that terrible Noife of the 
Thunder confiíls, v/hen it is very near us : For if the 
Sound of a very large Bell will fometimes mske a Man 
who is very near it ihake fo as hardly to be able to ffand 
upon his Legs ; the Noife of Thunder may be fuch as is 
capable of breaking a Bone; And the Flcfh may feem nnc 
to be hurt, or at moíl only bruifed ,• becaufe that is fo 
foft as to yield any way without breaking. 

12. Laflly, There is fome Reafon foraffirming that the 
Sound of Bells may caufe the Thunder to ceafe ; becaufe 
the Air which is near the Bell, fhakes that which is higher 
up, and this Air may fofhakethe lower Cloud as to make 

ic 


T * breaking the Bones, &c.) 
‘ Silveris melred wichouthurring che 
' Bag -i and a Sword diíTolves when 
1 the Scabbard is whole ; and Iróp 
‘ meltsabout [he Pikes without inju- 
ring che Wpód : ’ Wine continúes 
‘ itiff when rhe Hogíhead is broken, 
\* °uc this Stiffneís does not laft' aboye 
' threeDays.' Séneca i Nat , . 

Chájp. 31. < There isa íbirci 


c Sorr of Lightning, .which they. calí 
c br-ght Lightning, of a rnofi fuipri- 
c fíng Nature, which err.pties Hogs- 
£ .heacis without tVuiching wHUc they 
1 are covered with ? and llaves no 
c Marks.behind it j Gold and Cop- 
c per, and SilveK are me.lted Wicfcw 
c in, when- che' Bags are not turne 
c ac allj no r rhe Wa v-Spalin che leaft 
c difordered, l J /inj,Bj»k i'. Chap. y i . 


xi. The 

Caufe of jf ver 
ral Efe él i of 
Lightning'. 


I¿. TJjfit 

the Sound of 
“Bells may 
drive Light » 
ning a waj . 
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ít fall down in Rain before the upper Cloud gets fo low : 
And when this upper Cloud comes afrerwards to fall, ¡t 
can impelí the Exhalations in the open Air only, where 
they have no Opportunity of taking Fire, becaufe they are 
noc compreífed together. Beíides, when Part only of the 
lower Cloyid is fallen down, the fhaking, impreffed upon 
the Air by the Bell, may difpofe the Exhalations which 
are above the Part which opens, to take their Courfe that 
Way j fo that the Matter out of which the Lightning is 
formed, being wanting in the Place where it fhould be 
formed, it is no Wonder that there is not any at all 
produced. 

C H A P. XVII. 

Of the RAIN-BOW. 

i. What is 'THE common People are not more aftonifhed when 
Sa/íT/m v they hear theNoife ofThunder, than the Philofophers 

are furprifed, when they fee thoíe Colours, in the Shape 
of a Bow, which appear on a fudden, in rainy Wea- 
ther, in that Part of the Air which isoppoíite to the Sun; 
and which fom.etimes difappear alfo in a Moment. Thefe 
Colours, are called the Iris or Ram-Bow ■ the Caufe of 
which has been for a long Time fearched after, but no- 
thing found out fo as to fatisfy any reafonable Perfon, till 
this laft Age. I íhall give fuch an Explication of it as I 
hope can be maintained. But that we may lay aíide 
all Prejudices, and not eugage our felves in confuting a 
great many Opinions which fome Philofophers have pro- 
pofed upon this Subjedt ; let us imagine ourfelves to be 
the firft who have laboured to find out the Caufe of this 
Meteor. 

i. Ia gene - 2. The firft Thing that I obferve 3 ' is, that whenever 
ral we fee any Colours, there muíl always be fome Light ; 

‘ the Rays of which are either reflefted tó us by the Su- 
perficies of fome opake Body, or tranfmitted through forrie 
Sort of tranfparent Body, which at the fame Time it felf 
is tindiured with fome Colour ; or elfe pafs through a Body 
entirely tranfparent, but fo as to be fome way refrafted. 
And íince Experience does not teach us any other but 

thefe, 
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thefe chree Ways of difcerning Colours, it is unreafonable to 
think tbat there íhould be a fourth Way which is not com- 
prehended in any of thefe. And lince it is not at ali pro- 
bable, that there fhould, in fo fhort a Time, be formed 
in the Air any ver y large opake Body, which is able to 
refled the Light, in fuch a manner as it muft tío, to caufe 
us to fee a Rain-bow j or any kind of traníparent Body, 
which is at the fame Time tindured with Colours proper 
for the like Purpofe : And lince we are further aífured, 
by Experience, that the Air is full of Drops of Water, 
which are entirely tranfparent and of no Colour at ali } 
we may reafonably conjedure, that it is thefe Drops of 
Water, by which the Light is refraded in patíing through 
them, that malte us perceive the Colours, by tranfmitting 
the Rays to our Eyes with Modifications proper and ne- 
ceífary to excite fuch Senfations. 

3. This is indeed a Conjedure only 3 But inorder to fee T! . at a 
whether it be well or ill founded, íet us coníider what s~ ca! m f‘j °J 
muft become of Rays, which, coming from a lucid Bo- f r f h!c!¡ 
dy at a very great Diftance fuch as the Sun is, fall upon f t ,ii üpo» the 
a watry Body, of a fpherical Figure, as we know every ® n f s °f 
Drop of Water is. Let us then examine the Scheme 3 fariadi 
in which we fuppoíé ADKN to reprefent a Drop oí to the [ame 
Rain, and the Lines EF, B A, ON, and fuch like, which * l a mlfrem 
come all from the fame Part, to be Rays coming from ‘aftertmRe- 
the Sun’s Center, which we coníider as parallel to each fraShns and 
other, becaufe of the valí Diftance betwixt the Sun and us. jab/xvi.”' 
This being fuppofed, fince itis evident, that the Ray BA Fig.'i. 
only is perpendicular to the Superficies of the W ater, becaufe 
that is the only one which tends to the Center of the ípbe- 
rical Superficies of the Drop, and that all the other Rays fall 
obliquely upon the, fame Superficies ; it is eafy to fee, that 
all the Rays which enter into the Water, except BA, will 
be refraded towards the Perpendicular. Thus the Ray EF, 
and thofe which accompany it, do not go diredly to G, but 
approaching towards the Perpendicular, go from F to K, 
where without doubt fome of them pafs through into the 
Air, which has Pores there fit to receive them 3 but as to 
others, which are not thus difpofed to continué on in the 
fame Way, they muft neceflarily be refleded witbin the 
drop of Water, along the Line KN, fo that the Angle 
of Reflexión may be equal to the Angle of Incidence. Af- 
ter this, the Ray KN, and fuch like, falling obliquely 
% lipón the Superficies of the Air, which furrounds this (malí 
Sphere of Water, cannot enter into the Air, without be- 
Vol. II. P ing 
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ing refraded and going from the Perpendicular LM: 
Wherefore inftead of going direítly to Y* they muft go 
towards P. 

\.That 4. is to be obíérved alio, that fome of the Rays 
L&r “rIj™ which come to N, do not go out intothe Air, till they 
wbich fattUg are refledecf'again to Qj where, after being refraded, 
“¿"'o hke the reft* they do nocgodiredly to Z* butturn from 
tersan fin] the 'Perpendicular TV towards R. But becaufe we are 
bick^tn the not coníiaering any of the Rays of Light* but thofe only 
^tZytlme which can affed the Eye* when it is placed a little low- 
from.af- er than the Drop* asaboutPj wemay aíHrm that thofe 
whiclí are re -® eí ^ ;e ^ fr° rn N to Q^are ufeleís* becaufe 
'cao Re- they do not come to the Eye : But then we are to take 
fiexiom. Notice, that there are others as 2 3 and thelike* which 
being refraded from 3 to 4* and refleded from 4 to 5, 
and again refleded from 5 to 6 , may at laft, by- being 
reíraóted at 6 , come to the Eye at 7* which is beneath 
the Drop. 

p ufifui 5 . Thefe Tbings are eafily underílood in general. But 
bomérrtiT " 1 ^ w ® would know exadly how much every particular 
the Rayíof Ray is refraded, we muft do it by Calculation : And 
Light which U p 0n f uc b Calculation it appears* that thofe Rays which 
fall upon the fourth Part AD of the Sphere* go on in 
tcr. fucb Lines as are here reprefented in the Drop ADKN, 

Tab. xvi. w bich if we examine* we fhall make three remarkable 
Jg ' Obfervations. The firít is, that the two Refradions 
which the Rays of Light undergo at their entering in and 
coming out of the Globe of Water* are made both the 
fame Way, fo that the latter does not at áll deftroy the 
Effed of the former. The fecond is, that amongft all 
the Rays which come out of the Part of the Sphere AN» 
only NP and fome few that are very near it, are power- 
ful enough to raife any confiderable Senfation* becaufe 
only thofe come fufficiently thick and very nearly paral- 
lel, the Refl: are very much diverging, and feparate further 
from each other When they come out of the Globe* than 
they did when they entered in. The third is, that there 
is a Shadow beneath the Ray NP ; for fince there is no 
Ray of Light which comes out of the Part of the Globe 
N 4, it is the fame thing as if this Part were covered 
witb an opake Body : We may alfo affirm that the Ray 
NP has a Shadow above it, becaufe the Rays which are 
there, have no Effed* and therefore are no more to be 
conlidered thanif they were not there at all. 


6 . Fur- 
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6. Furthcr j > Ic appears by Calculación, that the Angle 6.Thatw S 
ONP, which the Ray NP makes wich rhe Line ON 7 " h a r y ee ‘Zmlf 

drawn éffcáive 


1. It appears by Calculatibn , &c.) 
Caries, íd Order co find che Diame- 
cer of che Rain-bow, fearchedoucall 
che Angles which parallel Rays, fall- 
ing npon a refraéting Sphere and Co- 
rning ouc afeer one orcwo Reflexions 
madé by che Superficies of ic 3 malee 
wich che Axis of Vifion, caldng ac 
Pleafure íomecimes one and íome- 
times anocher Angle of Incidence. 
Tbus he gained his Purpoíe by going 
a great Way abouc 3 and in aMechod 
noc ac all neceífary, and which is alio 
very far from geomecrical Exa&neís. 
Whac he did chus by repeated Try- 
alsj che famous Dr. Ha/ley has done 
in a plain and dire& Method, in his 
Difcourfe opon che Rain-bow (in the 
Philofophical . TranJatlions Numb. 

2 67.) which ic will noc be amifs 
more fully co explain in chis Place. 

Ic is co be obferved therefore i 

Thac ic is neceífary, chac of che 
Rays which fall parallel and conti- 
guous upon a refra&ing Sphere, 
chofe chac are affe&ive or proper co 
produce a Rain-bow, muft alfo come 
ouc of che Sphere parallel and con- 
tiguous. Ocherwife chey will noc 
come thick enough co the Spe&a- 
tor’s Eye, co exhibir chofe vivid 
Colours of rhe Rain-bow. Whence 
ic follows, 

Thac tboíe effe&ive Rays, which 
come ouc afeer one Reflexión made 
by the Superficies of che Sphere, 
.have all the íame Poinc of Reflexi- 
ón ; Thoíe which come ouc afeer 
iwo Reflexions, are. parallel while 
chey are refle&ed, thac is, from one 
Poinc where they are refle&ed co 
another : Thofe afeer chree Reflex- 
ions, have all che fame middle Poinc 
of Reflexions : Thoíe afeer four, 
have their refleefled Pares, which 
join che fecond and chird Poincs .of 
Reflexions, parallel. And fo on in 
a greac many fuch like Reflexi- 
ons. 

For lee IZE, be a 
Tab. XIX. greac Circle of a refraSt- 
Píg» i- ing Sphere s Lee che pa- 
rallel and conciguous 
x Rays and which lie ín the Plañe of ic, 
Rl, ri } fall upon ic j and afeer chey are 
refraéíed, lee them méec in che lame 
Poinc of cheCircumferenccZ,and then 


Rays • 

afeer chey are refle£h|i from then ce, í! a ^‘ 
lee them go ouc in che Lines EM, *• 
em. Ic is manifefl from che Nature 
of che Circle and of Reflexión, chac 
the refle&ed Rays ZE, Ze , aré re- 
fpeétively equal co ZI, Zi, and 
therefore have encirely che fame Po- 
ficion wich them, boch wich Reípeófc 
co che Sphere aDd co each ocher. 
Whence ic follows, thac fince che Re- 
fra&ions in E, e, and in I 3 /, are 
equal, and che incidenc Rays Ri, 
ri, parallel s the emergenc Rays EM, 
em, will be parallel alfo. Whence 
on che contrary, ic is eaíy co fee a 
thac if che Rays are effe&ive, chey 
have onc and che fame Poinc of Re- 
flexión., 

For che fame Reaíon 
i c will eafily appear, chac Tab. XIX, 
the effeftive Rays RI, Fig, 2. 
ri, which go ouc afeer 
cwo Reflexions, have their refle£t- 
ed Parts ZY,. zy, (which conneét 
the Poincs of Reflexions Q^and Y» 
z and^) parallel, and oughc co have 
thac Poficion which was mencioned 
of che refleSted Rays in che feveral 
Reflexions. Whence ic follows fur- 

cher, 

Thac the effe&ive Rays have their 
Angle of Incidence fo ordered, 
chac if chere be buc one Reflexión, 
íes nafeene Incremenc or fmalleft 
lncreaíe, is double che Increafe ot 
che Angle of Refra&ion made in the 
fame Time. If rhere be cwo Re- 
flexions, che firft Incremenc is 
triple- che latcer. If chere be chree, 
quadruple ; If four, quincuple, and 
ío on. 

For ic is manifefl, 
chac the very fmall Tab. XI%, 

Arch Ii, is the nafeene Fig. 1. 

Incremenc of che An- 
gle of Incidence : And if the Semidi» 
amecers CI, CZ be drawn; finceCIZ 
or CZI is che Angle of Refra&ion, 
the Angle i ZI will be che Incremenc 
of the Angle of Refra&ion genera- 
ted in che fame Time;, and che Arch 
1 i double che Angle / ZI, 

Here alió 1 / is che 
nafeene Incremenc of Tab.XIX* 
che Angle of Incidence ,' Fig. 2.* 

And ir the Semidia- 

mecers CZ 3 Cz. be drawn, fíne® 

P 4 GZY* 
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drawn from the Suris Centen is forty one Degrees, and 
thirty Minutes* And fince, beíides thofe Ray which we 

íuppoíe 


CZy, C ¿y are the Angles of Re- 
fra&ion , (becadie ZY Is parallel to 
zy) tbe Angle ZGc or the Arch *Lz 
is the Increment of the Angle of 
RefraéKon. EuczZz Arch ZY 
— Arch zy — Arch IZ— ■ Arch iz) 
ZZ Ií—TjZ. Therefore 1 /:=: 3 Zk. 

By much the lame Way of argu- 
ing ic may be proved, thac if there 
be three or rviore Reflexions, the 
Ráelo of the nafeent Increments of 
the Angle of Incidence and Refrac- 
ción, is fuch as wehave afligned. 

Wherefore, in Order to find out 
the Angle of Incidence of a Ray 
which is eíFe&ive after a giren Num- 
ber of Reflexions j we muíl find 
ouc thac Angle, whofe nafeent or 
inñnitely fmall Increment, bears the 
fame Proporción to the Increment 
of che correfpondent Angle of Re- 
fra&ion, made ac the fame Time; 
as thegiven Number of Refle&ions 
increafed by Unity, bears to Unity. 
And this Angle will be determined 
by the following Lemma . 

Lemma, 

Let ABC be an ob* 
Tab. XIX. tufe angled Triangle, 
Fig. 3. from whoíé Vercex A 
lee che Perpendicular 
AD be let fall upon the Bale BC 
produced. I íáy, thac the Sides AC, 
AB remaining che fame, the nafeent 
Increment of che externalAngleACD, 
is co che Increment of che Angle ABG 
made in che fame time, asBD coCD. 

Demojl . 

Imagine the Side AC to be turn- : 
ed about the Center A ; And by this 
Motion íes extreme Point C co car- 
ry che Line BCD into the Pofiron 
B cd, fo chat the Angles CA c, CBe, 
by the nafeent Increments of the 
Angles BAC, ABC: And lee cC, cD 
be joined. 

The Angle ACD is equal co CAB 
and ABC i and the Angle A cd, is 
equal toe A B, and ABc. Therefore 
the Excefs of A cd above ACD, or 
the nafeent Increment of che Angle 
ACD is equal roCBcand CAc. Now 
becaufe the Angle AcC difFers buc 
irfinitely lítele from a righc Angle, 
the Gírele deferibed on the Diameter 


AC, will pafs through the Points D 
and c i and chereiore the Angles 
CAc, CDc, infifticg on the fame 
Arch of chat Circle, are equal. The 
nafeent Increment therefore of che 
Angle ACD, is equal to CBc and CDc, 
thac is, it is equal to Dcd. Buc the 
nafeent Angles D cd, DBcare toeach 
otheras their Sines, thacis, as ED, 
the Side of the Triangle BDc co De. 
Now becaufe the Angle CDc is in- 
finicely fmall, De is equal to DC ; 
wherefore the nafeent lncremenc of 
the Angle ACD, viz, D cd-, is to the 
Increment of the Angle ABC, 
made in the fame time, viz. CBe ¿ 
as BD co CD. Q, E, D. 

Coroll. 

The nafeent Increments therefore 
of the Angles ACD, ABD, are 
as the Tangents of thofe Angles di- 
re til y j a Line being drawn from 
che Poinc B parallel co AC till ic 
meets DA produced, As appears 
from Prop, 4. 'Book VI. Eucl. 

Troblcm I. 

The Ratio of Refra£lion being 
given j co find the Angles of Inci- 
dence and RefraóHon of an effeíf- 
ive Ray, afeer a given Number of 
Reflexions. 

Letany flraight Line AC be taken, 
and lee i t be ío divided in D, thac 
AC may be co AD, as the Ratio of 
Refra&ion ; and let ic 
be divided again in E, Tab. XIX. 
fo that AC máy be co Fig. 4. 

AE, as the given 
Number of Reflexions increafed by 
Unity, is to Unity. Having deícri- 
bed che Sémicircle CBE on the 
Diamecer CE ; from the Center A, 
with the Radius AD, lee che Arch 
DB be deferibed, incerfe&ing the 
Semicircle in B : Lee AB, CB be 
drawn, then will ABC, or its Com- 
plemenc to rwo right Angles, be the 
Angle of Incidence, and ACB the 
Angle of Refradtion required. 

Demonjl, 

From the Point A, let the Per- 
pendicular AF be let fall upon 
CB produced, and lee BE be drawn ; 

che$ 
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fuppofe to come from chis Center to the Drop of Wa- 
ter; there come others alfo from eyery Point of the 

Sun’s 


thenwilkhe Triangles, ACF, ECB 
be íimilar. Now che S¡ne of the 
Angle ABC, or ABE', is to the 
Sineof theAngle ACB, as AC to AB 
or AD, chat is, in the given Racio of 
R efraátion {by Conjlrnfl . } Suppofing 
therefore ABF to be the Angle of 
Incidence, ACB will be the corref- 
pooding Angle of Refraflian. Fur- 
ther, the nafcenc Incremenc of the 
Angle ABF» is co the Incremenc of 
the Angle AC 13 , generated in the 
fame Time, as CF to BF ; {by the 
Lemma) that is, as CA to EA, {by 
Jlmilar Triangles) that is» as the given 
Number of Reflexions increaíed by 
Unity, is to Unity ( by Corsjir. ) 
Wherefore, the Racio of thenaícent 
Incremenc or the Angle of Inci- 
dence ABF, to che Incremenc of the 
Ángle of Refraflian ACB, is íuch as 
is required {by the Obfervations a- 
bove) in the Angles of Incidence 
and Retraígan of an effeflive Ray 
afcer a given Number of Reflefli- 
ons. The Angles ABC or ABF, and 
ACB therefore are the Angles requi- 
red'. o» E. D. 

Caroll. 1 . 

From che foregoing Conítruflion 


InRainbow th«< 


of this Problem ; the Ruleof thef3- 
mous Sir Ifaac Newttm, for finding 
che Angle of Incidence, wbich you 
may find in his Opticks, pag. 148, 
may eafily be collefled. For lee 
I be to R In the Ratio of Refrafli- 
I 

on ; then will AC n — AB ; let n be 
R 

the Number of Reflexions increafed 
by Unity, and it will be «FB — 
FC. And becaufe the Angle at F 
is a right Angle, therefore AC? — 

CFo " AB? — BF? ; that is, 

RR, 

AB?— hmFB? ~ AB? — BF? ; and 

therefore »bFB? — BK? ~ AB? 

RR 
B P 

— AB? ; and again ~ 

AB 

1 1 - R R 

a./ — : — . Whenceíifin». 

V nnRR C liR 

lfead of nbe put its Valué, which in 
the hrít Rainbow is», in chefecond, 
3, in the thírd, 4 ,&c.) ¡c will be 


r ift- 

) z d. 

4/3 RR: 
v/8 RR: 

7 ^/lI-RR ::AB!FB:;th ^ 

Kadius ; the Cofine oflncw. 

i 


\ dence. 

&C. 



But the foregoing 
Tab. XXVII. Rules may be tound 
Fig. 3. in a more limpie and 

expeditiousWay yec; 
if it be confidered, that the fmalleft 
Increments of Angles or Arches, 
are to each other, as the Incremente 
oftheir Sjnes generated in the íáme 
Time, direítly, and the Cofines 
themfelves inveríely. On che Center 
C, with the Diftance CA lee the 
Arch cf the Circle AD bedeícribed; 
then will DS be its Sines, and ds the 
Slne of the Arch which exceeds the 
Arch AB by D d the fmalleft Dif- 
ference thac can be» LecDpbedrawn 
perpendicular to ds, and d.p will be 
the Incremenc of the Sine DS ge- 
, nerated in che fame Time. Lee DC 
be drawn ; then {by the Jims/. Trian- 
gles DCS, Ddp) it will be : CP 


: ■■ pd : Di/. Wherefore Dd 
CD x pd 

SC 

Ccinfequently {the Radias CD being 
every mhere the fame) Dd or the 
pe! 

fmalleft Angle DC d is as „ 

sg 

Now the Letters n, I and R ftanding 
for the fame Things as before, and 
puttingS for the Cofine of the An- 
gle ot Incidence of an effeflive Ray* 
and ir for the Cofine of theAngle of 
the Refraflion of the íáme ; Since 
n is to 1 {bj the Obfervations above ) 
as the fmalleft Incremenc of its An-, 
gle of Incidence, to the Incremenc 
of the Angle of Refraflion genera-, 
red inthe íáme Time,- and theln- 
cremencs of chote Angles are as the 
P 3 Inere- 


¿Q.9> 
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Sun’s Superficies ; we ought to examine a great many 
more effective Rays, and pauicularly that which comes 

from 


Incremsnts of the Sines dire&ly, 
and as che Cofines themfelves i nverfe- 
ly ; and ( beoCufe the Ratio of the 
¿Unes of Incidente and Refraüion is 
given) che Incremencs ot che Sines 
of Inddence and Refra&iom are co 
each other ( by Converjion ) as thé 
Sines themfelves., or as í to R ; 
Therefore n will be co i as I co R 
'dire&ly, and as ^ co o* inverfely, 
í R 

that is» : i : . Wherefore I o* 
S o- 

■ZZ n . Putting cherefove r for 
me Ra dios anfw ering co ^ and tr s 
r * — . % % will be che Sine 
of the Angle of Incidence anfwer- 
ing to chac Radiusj and ( the Ra- 
tio of Refraóiion being given) 
r í — .< 2 will be che Sine of che 

i 

Angle of RefradKon, and therefore 
*/l J r z ~R 2 r* -* 1 < 1 2 a Will be 

I 

íes Coíine or <r. Wherefore in che 
Equation í <r — ■ ?iR2 > i t for tr be 
íubftituted its Valué, ir wiU be 

j^/ITT^zr loTrqr^T^r “ 

?;R2 > And (fquaring the Parts and 
tranfpojing thern) 1 2 r 2 — 1 R 2 r 2 m 
7 ; 2 R= 2 2 - R 2 % 2 * And (rejoir 
•ving the Equation into Pf ¿portier , /, 
and etxtrqüing tkeRoots of the Terms ) 

V' / ^ R2 - R 2 --y'i>~ R 2 . : r : 
¿i the fame Proporción as before. 

Sk Z- 1\ 

The foregoing Rules may eafily 
be reduced co anocher Formí which 
perhaps may appear fomewhac more 
convenient flill for finding che An- 
ales of Incidence and Refraéiion, 
by Calulacion. For putting r for 
che Radius, S for the Siné^oí the 
Angle ot Incidence, % for íes Co- 
fine, and s for the Sine of che An- 
gle of RefracHon. Since in che firít 
Rainbow. 3 R 2 : I 2 — R 2 : : r " 2 : 

Ic will be 3 R - 2 « 4 R 2 -* l 2 
'•‘r 2 : r 2 — *> 2 ~ ¿ 2 • Wherefore 
g — ^ V K 2 ~ lZ J And becaufe 
~ R 3 “ 

r 

S : s : : I ¡ R : ¡c will be s — — 
I 


\/ 4KA — 1*. So likewire it will 
3 

be found tn the fecond Rain-bow that 

S = WPE1!’. * = I 

R 8 I 

4 / 5R 1 — 13. And in the third S 
8 

— — -t/ lc> R* — la ¡ — ^ 
R 15 I 

V 1 ¿ K 2 ~~ 1 ~ ' And fo of the reíl. 

Coro/. 2. 

_ The Tangent of the Angle of In- 
cidenceof un effeéUve Ray, is co the 
Tangent of che Angle of Refra&i- 
on as n co 1 . It tollows from 
what goes before, and from the Co* 
rollaryof che Lemma, 

Prob. II. 

The Ratio of Refra&ion beinggú 
ven, and any Angle of Incidence 
whatfoever : To ririd the Angle, 
which a Ray ot Lighc, commingout 
of a retra&irig Sphereafter a given 
Number pf Reílexions, makes with 
che Axis of Vifionsor incidenc Ray ; 
and íó co find che Diamecer of the 
Rain-bow. 

The Angle of Incidence being gi- 
ven, and che Ratio of Refra&ion, 
che Angle of Refradlion is given. 
Lee chis Angle be mulciplied by 
cwice the Number of Refíexionsj in- 
creaíed by che Number cwo, and from 
che Produft, lee rwice che Angle of 
Incidence be caken¿ the remaining 
Angle is che Angle foughc, E . I. 

Demonfl* 

Lee CIZE be a greac 
Circle of a Sphere ; in Tab. XIX¿ 
che Plañe of which lee Fig. y. 

RI be an incidenc Ray, 
which afeer cwo Relraffcions in the 
Poincs of che Circumference 1 and 
E, and one Reflexión becween thetn 
in Z, comes out in the Line EM. 
Lee EM be produced 3 cill it meets 
che incidenc Ray RI, produced aifo. 
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from the higheft,, and that which comes from the loweít 
Parc.of che Sun. Now che Sun’s apparent Semidiameter 

being 


in X ; and from the Center C, 
]et the Semidiameters CI, CZ be 
drawn. Becaufe the Angles CZI, 
CZE,andalfothe Angles ZIX, ZEX, 
are equal ; CZ produced will país 
through X and biíecc the Angle IXE. 
The Difference of the Angles CZI. 
ZIX, is alío equal toIXZ. ButCZl 
or CIZ is the Angle of Refraílion, 
and ZIX is the Difference betwixt 
that Angle and the Angle of Inci- 
dence CIX ; Therefore 1XZ is the 
Difference betwixt twice the Angle 
of Refra&ion and the Angle of Inci- 
dence. Confequently, the whole 
Angle IXE, is the DiíFerence be- 
t'wixt tour Times the Angle of Re- 
fra&ion, and twice the Angle of In- 
cidenco. ¡¡I.E.D. 

Now let the Ray RI, after tivo 
Reflexíons in Z and E, comeout in 
the Line eR, meeting RI and XE 
(the firít being refraíted) in R and 
M. «EX, the external Angle of the 
Triangle eEM, is equal to the two 
Angles, EeM, tME ; and becaufe the 
Retrañions in c and E are equal the 
Angles EeM, ZEX, areequal; there- 
fore the Angles eEZ, eME are equal : 
But it is evident, that the Angle of 
Reflexión eEZ or EMc, is double 
the Angle of Refraction : And it 


has been demonftrated, that MXR is 
the DiíFerence betwixt four Times 
the Angle of Refraéíon and twice 
che Angle of Incidence : Therefore 
che Sum of the Angles EMe orXMR 
and MXR; that is, the external An- 
gle of the Triangle MXR, is che 
DiíFerence betwixt íix times the 
Angle of Refraflion, and twice the 
Angle of Incidence. £. D. 

The lame Method muft be pro» 
ceeded in, if there be three or more 
Refleítions. But becaufe fuch Cafes 
belong to the third and fourth, ¿re, 
Rain-bow; which are hardly ever 
feen in the Heavens, becaufe che 
Rays of che Sun become fo much 
chinnerby every Reflexión ; and be- 
caufe they are very eaíy ; I íhall noc 
Hay to dernonílrate them. 

Suppofing therefore, that the Ratio 
of Refrafition out of Air inco Wa- 
ter, is what the famous Sir Ifaac 
Novio» obferved ; (Seo his Opticks , 
p. 1 1 1,) vix. as 10R to 81, in the 
red Rays; and topto8i, in the 
blue ; then by Calculación accord- 
ing to the Foregoing Rules, the Di- 
ñances of the Colours from che Ax- 
is of ViGou (which is conflrmed by 
Obfervation) will be found to be in 
Rain-bow 


T( j S Red — 4 2 * 1 

¿Blue 40. 16 

TU 5 Red — 50. 58 
11 ¿Blue- -54. 9 

IIR Sged — 4 x. 37 

¿Blue- — 37. 9 

IV<*. S Red -" 48 - 5 2 
¿Blue — 49. 34 


If the Spetaor be turned fronj 
'the Sun. 


If the Speílator be turned towarda 
*■*6 Sun. 


, Henee che Ereadchs of che Rain- 
bows, and cheir Diftances from each 
other, may eafily be colleflted ; fup- 
pofing che Sun Co be only a Poiuc. 
s R“t becaufe che Diamecer is abouc 
3 e > fo much muít be added co the 
Breadth of every one of the Rain- 
bows ; and ío much múft be taken 


from tbeir Diflancesfrom each other, 
that their true Breadchs and Diílances 
from each ocher may be had» if, 
miili alfo be added to the Diílance of 
the oucer-moft Circle of Colours, from 
the Axis of Vifioii, which pafles íhro" 
the Sun’s Cerner ; and as much muli- 
be taken írom the Diftance cf che- 
P 4 'msss-_ 
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being about fixteen Minutes^ it follows that the eíFeílive 
Ray which comes from the higheít Part of the SurvwiU 

fall 


ínnermofl Gírele» ín Order to have 
rhe true Diñares of thofe Gíreles 
from che Axis of Vifion. 

Prob. III. 

In the Hrft Rain-bow •, che Angle, 
which an effe&ive Ray of any Kind, 
malees wich che Axis of Vifion, be- 
ing gi ven ¿ co find che Racio of ics 
Reírafüon. 

Let tfie Angle of In- 
Tab. XIX. cidence be got : For 
íig. 6. that being found, the 
Angle of Refracción, 
and confequently , che Racio of 
jRefraélion, will be given, by (Prob. 
II. or Coro ', . 2. Prob. I.) Let ABC, 
be che Angle of Incidence, and, 
•any given Line CA being caken for 
¡Radius, lee AB be che Tangenc ot 
rhac Angle ; which being bife&ed 
ín D, and CD being drawn, ACD 
will be the Angle of Refra&ion». 
f by Cor. 2. Prob. I . ) Lee AE be the 
Tangenc of double chis Angle ; and 
having drawn CE, che Angie BCE 
(by Prob. II.) wiilbehaif a given 
Angle, and confequently will ic felf 
be given» Suppofe chen AE ;u S ; 
BArí T j and cherefore AD “ ^Tj 
AC ~ r; the Tangenc of the given 
Angle BCErt t ; And becaufe che 
Line CD bifeets the Angle ACE 
(by Confir nttion) ic v/ill be (by Prop. 
g. Rook VI, of Eral.) AC : CE, 
(y AC ? +- A%) :: AD: DE. 
Wherefore DE V b'b rr. 

2r 

Mdr V bS-+-rr — « f T S’— 

2. r 

T. And again SS +- rr ZP 
2 Sr Tr, Thcn (by fquaring the 
Parts, and RédvMion) ' ic will be S ZZ. 

4 T rr 

4 rr ^ TT 

Now in order ro find oíit T ; let 
BF be lee faji from che Poinc B per- 
pendicular to CE i T'nen, ic will 
be, as the Secarte of che given Angle 
ECÉ, is co che Tangenc of che lame, 

«bat ís, as \/ rr -i- tt co t , fo is 

GB (y^ TT rr,) co BF H f 


TT-»- rr 

. A.galn, (becaufe tht 

rr tt 

Tr i an y les EPF , EC A are fimilar) EC, 
(y/ 5b *-rr) : CA, (r) : ; EB, 
S r - T r 

(S-i T : BFzz. Where- 

\/ bS -f- rr 

TI h— rr S r ~ T r 
f ore i y = 

rr tt V SS rr 
Then (by fquaring the Parts) 
TTtt*-rrtt S S>v zS Trr+- 


r r + c t i Jb-i-rr 

r r - And (by multiplying the 
Numera tors by each other’s Denomina - 
tors^firiking ont the eqnhalent Teims 
and by Tranfpoftion) SSr4 — 2.STr4 
-t-TTr 4 zz 5STT íf zSTrrrr 
r4 tt. And (by extraCling the Roots) 
Srr — . Trr ZZ STr •*- rrt. Now the 
Valué of S, before found, being íub- 
ñituted in ics Room, and the whole 

divided by the Equation 

wili become T 1 zz gTT t ayrrt, or 
T 5 — 3T 2 í~ 4 rrtzz o. Now by re- 
folving this Equation T will be found, 
and confequently, the Racio ot Re- 
fratlion will be found from whac 
goes before. ^ E. I. 

Now in Order to reíolvechis Eqúa- 
cion, lee V 4— t be puc for'T, 
and then ic will be changed into this 
Form Ví ^ 3 Vtt~> 2 1* ~ ^rrtzzo. 
Which being reduced by che Rule, 
which you have briefly demonfira- 
ted in pag. 272. of the famous Sir 
IfaaC Nevoton’s álgebra i and, fup- 
poíing r zz 1, and the Secanc of the 
given Angle \/ rr*- *.* — s. ic wil l 

aclaftcomeoutV^ S\/ cl+-2.t*-2ts 
5 t 3 •*+- 2 i 2 ts. Or V ^ 

5 4/ ^ rTTTTTTTÍ 

tt 

~ . If therefore 

3 y/í 3 4-2 .t 

t be added tó. this, che Sum will be 
~ T foughc. Furcher, ic will eaíily 
appear, chac che Sines of the An- 
gles of In<3dence and RefraCdon, 
are 
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fall upon the Drop of Water fixreen Minutes higher than 
EF, as you fee (in the fecond Figure relating co the 

Rain-bow ) 


r r 

are j ■ ■ ,i and */ - — >a. and 
VTH-I V TT H- 7 
tierefore ihe Ratio of Refrafl ion is 
v. V T* H-4 co -\/ T> +-I. 

But T may alio be decermined by 
tbe iollowing Conítru&ion. (Buc 
itisíbppofed chaca ílraighc Lineol a 
given Length, may be 10 placed be- 
iween two ocher íhaight Lines gi- 
ven in Pofirion, thac when ic is pro- 
duced, it may pafs through a given 
Poinc. See Newt» Jilgcbr. pag. 2 79, 
&c. 

Lee any Ílraighc 
Tab. XXVII, Line be drawn, and 
in ic takeCA n: 4 f, 
andCB^! gí, and lee BA be biíefíed 
in D; having deferibed an Arch 
of a Circle on che Cerner C with the 
Ra.dius CD, lee DR r be inícribed 
in ic i and lee AR bejoined; Having 
inícribed the ílreighc Line da ~ DA 
between DR and AR produced in fuch 
aMannerasto pafschrough che Poinc 
C when prodneed, aC will beC^ T. 

For, 1 er CG be drawn parallel 
to DR, and meet AR, produced 
in G ; Tben (becaufe the Trian - 
¿les GC A, RDA are Jimilar) as 
GCis to CA; fo is RD to DA. 
And again [becaufe tbe Triangles 
GCa adK are l hmlar ) as GC is to 
Cu, l'oisdR to da or DA. Henee 
CA is todR, as C a to DR. And 
(I7 Compcfitio gj C a +. CA is to 

Í ¿R ¿D DR ’Í asCA t0 <¡«; but 

4-r¿. 

¿R=: __ 

T 

Further CDj— Cdq — rfDxáR [by 
frop.i^ -Baok u. of Eral.) Wience 

¡cfollowsthat|«LcA} Ísto 

as dR is to Crf- CD. BurCA 
d-Ctf, is to dD> as CA is co ¿R. 
Wherefore as C A is co dR fo is dR to 
5 C d~« CD ? 

CB í * 

NowitforCA, dR, Ca, CB, be 
iubfUtuted their Valúes; viz. 4 f, 

Vt 

T» 3 ** And che extreme and 
T 

»niddle Terms be multiplied by each 
sther 3 and then reduced > che íáme 


Equatipn will come ouc as before» 
Tí m gT a í— 4 rrt~ If chere- 
fore DR be Radius, Ca will be che 
Tangen c ot che Angle of Incidence 

& £■ J ■ 

CoYOll. 

Henee we have a Method of mea- 
furing che Refra&ions of Liquors 
or of any ocher cranfparenc Bodies 
whatfoever : viz- by expoíing a 
Sphere, of any Sort of cranfparenc 
Matter co the Sun, and caking by 
Obfervation che Angles which che ef- 
feftive Rays of che firí! Rain-bow, 
make with che Axis of Viíion, when 
chey come ouc of it, 

le may be obferved here; chac íf 
the Angle, which an effe&ive Rayof 
a given Kind, in any Rain-bow, 
makes with che Axis of Vifion, be 
given ; che Ratio of the Refra&ion 
of thac Ray may be found, pretey 
much in che fame Manner as before» 
For, che Conílru&ion being che 
fame as chen i fuppofe BCA co be the 
Angle of Incidence of 
che effeftive Ray of any Tab. XIX» 
Rain-bow propofed ; Fig. 6. 
and the Angle ECA, 3 
Múltiple of che Angle of Refracción 
of the fame Ray, according to the 
Number of Reflexions, increafed by 
Unicy ; then will ECB, be half a gi- 
ven Angle, or half ics Supplemenc 
(by Prob. II.). W henee; ifCAbe 
called r ; AB, T ; ÁE, S ; che Tan- 
gent of.che Angle ECB, /, as before ; 
ic is evident, chac the fame Equa- 
cion will alwaysarifeS rrr- Trr ^ 
STí +-rrt ; and chac noching elfe re- 
mains, hutas in che foregoing Pro- 
blem, to find che Valué of S, and to 
puc it in itsRoom, in that Equation. 
Take an Example hereof in the fe- 
cond Rain-bow. Suppoíe BA to be 
to DA ; as che Number of Refiexi- 
ons increafed by Unicy, is co Unicy 5 
chen DCA will always be che Angle 
of Refra6tion ( by Cor. 2. Prob. I.) 
and in che lame Rain-bow DA ^ | 
T, and the Angle ECD double che 
Angle DCA. In DA produced, lee 
A d be caken equal to AE>. Then will 
DCd- DCE; And chen ( by Prop. g. 
and zz» Uook VI. of Enclid) EC* : 

C d* C ^ CDg):: ED a ; D d*(zz 
4 DA ? ) 


’ 2 33 

Tab. XV. 
Fig. 8. 


*®34 

Tab. XV. 
Fifi. 8. 
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Rain-bow) the Ray GH do es, which being equally r e . 
fracted as che Ray EF, is curned to I, and from thence 

to 


4DA q.) Whence, ECj — CDy ; 
TLUg — 4DAJ : : CD 9 : 4D A 9 . Al- 
io, ECy se ‘'ÜDq 4— jjC 9 4- a DE x 
DA; And CD 9 — CA.g -I— AD 9 ; 
Which being lúbftituced f° r EC 9 . 
CD 9 ; lie will be, ED« +- 2.ED 
i DA ( — ED x 2 DA y ED : ) 
ED 9 — 4.DA 7 ( — J.'jj 4- aDA x 
¿D- 2 í)a) : : ED : ED — iDA ; : 
CAj 4- ADy : 4ADJ. And there- 
fore ED : 2DA : : CAy 4- ADy : 
CAy - 3 ADy, or ED ; DA : : 
zCAy 4-2.ADy:CAy— 3 ADy;And 
laWy, ED 4- DA (— EA) ; DA : : 
SCAy — ADy r CAy — 3 AD y. 
Whence it is evidenr that EA — 
qCA g x DA — DA C 

— — — . Now lee S 

CAy- 3AD q 

r, and i T, be put for EA, CA and 
DA relpeftively, and it will be S — 

; and putting this Va- 

— a T 1 

lúe oí S forS in the Equation Srr — 
Trr — STí — rrt — o, ic wiilbecome 
8 rr 

T4 4_ T3- 1 8 rr T 1 — 27r4 

f 

rr 

S o. Or (putting J for — , thatis, 

t 

the Tangent of the Complement of 
the Angle ECB) T+ 4-8JT3 - 
l8rrT* — iyr4 — o. 

The Problem being 
Tab.XXVIX. thus rerolved, it may 
Fig. 2. be conílru&edin the 

folluwing Manner by 
Means of any Parabola. Lee MAC 
jbe a Parabola, its VertexC, the Ax- 
is CDFIÍ, the Parameter ofthe Axis 
RC ; and taking a third Part of this 
ior the Radius of a Circle, let J be 
the Tangent of the Complement of 
the given Angle ECB. Let AD — 
2j bean Ordinate to the Axis, and 
let DF be taken equai to -i C ; FIÍ — 
aCF,' and from the Point IC let ICH 
be ereíted perpendicuiar’to the Ax- 
is, and meet the ftraight Line diawn 
through A and F, in H. Then 
having deferibed a Circle on the 
Ce rner H with a Radius equal to 

«^/HAy-j-ACKy ; and having let 


fall from the PointM, whereicmeets 1 
with the Parabola che Line MQ, 
^perpendicular to AQ, drawn froni 
the Point A parailel to the Axis ; 
Then MQ_ will be the Tangent of 
the Angle foughc to the Radius equal 
to y CR. 

For' lee HIC meet the ftraight 
Line AQ_in I, and the ftraight Lint 
ML, parailel to the Axis in L ; Jet 
M Ctmeec the Axis i n P alio. Now 
íince ( by Cúnfiruüim ) ■y CRg nt 


I-IMy — HA q ,■ and I-IMy : 


. MLy? 

- PK ? f 

4-LPIy;and PKy (— DK ¡o DP 1 ) 
— DKq — 2 DJC x DP 4— DPy;atd 

LH ? ( = = M< 5? 

4- 2 .MQ_x 1H -l- IH? í and HA^ 

~ ^ **-1%. : Ic will be, j 

CRg» — 2DP x DK -i-MQ? 

-f-iMQ^x IH. 

Furcher, ( from the Nature of thi 

lar ¿j bol a) as A Dq : M?e¡ — ADj 

(- MQ 9 4- 2MQ_X 

: •• CD (- —i ) : DP. WhenceDP 
MQ_y 4-2 MQx AD 


CR 


Alfa DK 


(- 2CD4-XCR)-^?4fCK; 

And (hecaufe the Triangks FDit 
4 AD c 

AIH are JimiUr) IH T — ^ — q- 

3AD. Let thefe Valúes be fubffi- 
cuced in the foregoing Equation fot 
DP, DxC, IH, and ic will produce 

r „„ MQ _qq -f- 4AD X MQ^ 

T CR ? “ CR 9 

-zMQj. Or MQ?j 4- 4AD X MQ. 
— zCRj x Mq g — f CR qq Z 
And lafíly, putting MQ_— T, AD- 
aj, CK — 3r; It will be T4 +■ 
8 JT 3 —'“'igra xa — 27 r+ - »■ 
Whence ic is evident that MQ. 1S 
the Tangent of the Angle fough' tu 
the Radius y CR, 
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to L» in order to go ac laft to M, where ic undergoes aa 
equal Refradion with the Ray NP, and makes with the 
Line ON, che Angle ONM which contaras forty one 
Vegrees, andfourteen Minutes. So likewiíé, che effective 
Ray QRj which comes from che lower Pare of che Sun, 
falls upon che Poinc R, which is íixteen MinuJes lower 
than che PoinC F of che Ray EF, whence ic is reffaded 
to S 3 and from thence reflected to T, where going ouc into 
the Air, ic comes at laft to the Place V, fo chat the Eine 
TV makes an Angle of forty one negrees and forty íix 
Minutes with the Ray OT. 

7. In computing the Bendings of fuch Sort of Rays 7. Ofthrce 
as 2 3 (in the firft Figure) which we fuppofe to come '¿i ". * rM 
from che Center of the Sun to the lower Pare of the iLjT 
Drop, and after two Refradions and two Reflexions, to T .ab. 
tend towards the Eye in fuch Lines as 6 7; we find that Flg ' 4 * 
that which we cali effedive, and is reprefenced by the 

Line 


If the Roors of this Equatlon be 
defired in Numbers, lee the Nume- 
ral Tangenc of rhe Complement of 
the Angle ECB in che Tables, be 
íúbíHcuced for J, and the numeral 
Radius in che Tables for r i And 
then a numeral Equation will be 
given, which may be refolved by 
the common Rules. 

Forlnftance, the Angle which che 
blue Rays make wich the Axis of 
Vifion in the fecond Rain-bow, is 
J 4 0< 9 ,* 2 . 6 ". Half of this, viz. 
2 7 0; * 4 ■ 48" is the Complement of 
Angle ECB. And the Tangenc be- 
rr 

belonging to ic, (— — J ). 5*1 1285*49 

fuppoíing the Radius (r) s. Thefe 
then beingfubftitutéd in che forego- 
ingEquacion, for J andr 5 therewill 
ariíe che numeral Equation T 4 ^4, 
0902832 T* - 18 T* - 27- o. 
Byreíblving of which, TortheTan- 
gent of the Angle of Incidence, will 
be found to be 2.9775*981 ; And 
the third Pare of this 0.9925-32,7 is 
J he T angent of the Angle of Re- 
Iraétion ;and che correfpondenc Sines 
J j thefe, will give the Ratio of Re- 
fraccion of che blue Rays ; Now cheíe 
unes are to each other, and coníé- 
que ndy the R atio of Refra&ion, as 

V t ’ 4 '9!oV , T!+- i ; that is, 
as 42258 to 3:4.10, oras 109 to 81 
Voy nearly. 


The aforefaid Equation has alió a 
negative Root.v/z. — 6. 81622765-; 
from whence it may be gathered, that 
the Ratio ofRefraftion is very nearijr 
as 347 to 321. For there are two 
Cafes of Refraílion, in which the 
effeftive blue Rays of the fecond 
Rainbow, make the fame Angle 
(5-4 0 9' f-)wich the Axis of ViG- 
on ; or when the Ratio of Refraffi- 
on isas 10910 8t ; asin Rain Water, 
in which Cafe ihe Tangenc of the An- 
gleof Incidence will be 2.9775-981 ; 
or as 347 to 321, and then the 
Tangenc of the Angl? of Incidence 
will be 6. 8162765, And as to 
this latter Cafe ; if the Excefs of the 
Sines of Incidence of different Sores 
of Rays, above che common Sine 
of Retracción, be íüppofed to be ai- 
waysin a given Ratio; Since the Ra- 
tio of Refraétion of the blue Rays, 
is as 347 to 321, that ofehe red Rays 
in the fame Médium, will be nearly 
as 346 to 32 1 . Whence it will ap- 
pear by Calculación according to the 
toregoing Rules,thac in fuch a Médi- 
um, the red Colour will be oucermofl» 
and make an Angle of about5-6^.gr; 
with the Axis of Vifion, and the blue 
within, in che fame order as the Co- 
lours of the firft Rain-bow. 
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Line 6 7, (in the third Figure) makes with the Line 8 6 , 
which comes from the Center of the Sun* the Angle 867 
of about fifty two Degrees. Whence it follows, that the 
eífective Ray which comes from the higheít Part of the 
Sun’s Body, makes with the fame Line 8 6 an Angle of 
íixteen Minutes lefs, and that which comes from the lew» 
eíl Part of the Sun’s Body, an Angle of íixteen Minutes 
more. Thus ABCDEF being the Courfe which an ef- 
íective Ray takes, in Corning from the upper Part of the 
Sun, in order to get to F, where we fuppofe the Eye 
to be placed, the Angle 86F is about fifty one Degrees, 
and forty four Minutes. So likewife GHIKLM being 
the Courfe which an effective Ray takes in coming'from 
the lower Part of the Sun, the Angle 86M is very nearly 
fifty two Degrees , and íixteen Minutes, 
t.ofthe _ 8. Becaufe we own that there are a great many other 

Ra y s are effective, befides that which comes from 
aíichwéfie the Sun’s Center ; therefore there muft be fome Altera, 
Drags tion made in what we faid above concerning the Shadow: 

Rain. p or [j-jg t¡ lrce R a y S d raW n in the fecond and third 
Figures, the two extreme ones only have a Shadow ad- 
joining to them, the middle one has none at all. Whence 
it is manifeft, that thefe Rays have all the Conditions pro- 
per to raiíe the Senfation of Colours like thofe feen by 
Means of a Triangular Glaís Prifm , which we explained in 
the firíl Part of chis Treatife. * And weare fure in par, 
Tafc. XVi ticular, that the Ray TV (in the fecond Figure) ought 

rig. í. to appear red, becaufe it is refraíted towards the Side op, 

poíite to the Shadow; that the Ray LM (in the fame 
Figure) ought to appear blue, becaufe the Refraótion is 

made 



2.» And we are fure in particular, 
&c.J The Drops of Water are here 
}tíftly compared with the Prifm, and 
the Account of the Shadow is righe. 
But the natural Caufe of thefe Colours, 
which the Auchor affigns, is of no 
Momenc, 1 becaufe it depends upon 
Principies which are not triie. We 
may rather aflert, that that large 
Quantity of rhick Light, or that 
Bundle of Rays collecced together in 
a particular Poinc of the Drop, rhay 
be looked upon as a lucid Body ter~ 
minated on all Sides by a Shadow. 
Thefe Rays of Light, fent to the Eye, 
are different from one anorher, and 
are fitted’to excite different Colours ; 
acd :hey are difieren tly refra&ed as 
they come quc into the Air, though 


they have all the fame Incidencewhen 
they fall upon the retra£ting Supern 
ñcies. Thefe different Rays there- 
fore muft neceffarily be feparared from 
eacjgother by Refracción, and theva- 
rious Sorts of them muft in great 
Numbers tend different Wa.ysj and 
confequently chis lucid Point of the 
Drop muft appear edged with Co- 
loursi efiat is,red, green ; and blue Co- 
lours, muft arife from the Ex tr emitid- 
of the red, green, and bluelmagesof 
the Sun (which are painred upon 
the Eye by the different Drops one a* 
bove another) in the fame manner 
as we find there does in all Bodies» 
wbether bright or opake, wlaefl 
looked ac through a Prifm , 
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made by approaching towards che Shadow ,• and Laítly, 
the Ray NP ought to appear Yellow, becaufe there is 
no Shadow at all on eicher Side of it. So likewife, ic is 
eafy to fee, chat for the fame Reafon che Ray EF (in the Tab. xvl 
third Figure) ought to appear red, LM blue, and 6 7 Fi S- 4- 
yellow j fo that the uppermoft, Ray in the thirti Figure, 
produces the fame Effed as the lowermoft Ray in the fe- 
cond Figure : It is alio very evident, that the Rays of 
the fecond Figure ought to produce more vivid Colours 
than thofe of the third Figure, becaufe the firíl are 
weakened only three Times in the Places where they are 
refracted and refledfced ¿ whereas the latter are weakned 
four Times in the Places where their Reflexions and Re- 
fradtions are made. 

9. What we have now faid is exa&ly agreeable to Ex- ?• -*» »*- 
perience. For having filled a Glafs Globe, of about three 

Inches Diameter, with Water, and held itin the Sun ; Mm. 
when my Eye was in the Place marked V (in the fe- ^ ab - xv, 
cond Figure) I always faw a very vivid red Colour which S 
feemed to cover all the Part about T ; and, the Eye re- 
maining in the fame Place, if I held the Globe a lítele 
lower, or if without altering the Globe, I raifed my 
Eye a little higher to the Place marked P, I faw the 
Globe, covered as it were with a vivid Yellow, all about 
the Point N j and if I held the Globe a little lower ftill, 
or raifed my Eye a little higher, fo as to be in the Place 
marked M, I always faw the Globe covered with Green 
or Blue, about the Point L. So likewiíe, if my Eye 
were placed in F (in the third Figure) I faw Red in the Tab. xvr; 
Place E ; and putting my Eye in the Place marked 7, I Fi S- 4- 
faw Yellow in that marked 6 ; and laftly placing my Eye 
in M, I faw Blue or Green in L. And which is worth 
obferving here, the Colours which I faw, by Means of 
the Rays in the third Figure, were lefs vivid than thofe 
made by the Rays in the fecond Figure ,• for thefe were 
fometimes fo bright, as quite to dazzle one’s Eves. 

10. Ñor is it at all ítrange, that fome Philofophers ¡ 0 . 
who could not malte this Experiment fucceed, have ea fy V'aj to 
doubted of the Truth of it : But I chought of a very fó?e¿¡n¿ Ex' 
eafy Way of doing it, and that is, to try'the Experiment }hc- 
in a Place where fcarce any other Rays can come but ueim 

only fo many as will cover over the whole Globe, and 
to jaut a Sheet of white Paper in the Place where the 
Eye íhould be to fee the Colours ; For then we fhall 

fee 


? 3 S 


1 1, 

Trooj of the 
Cojtrfe of the 
Rays of 
Light • 

Tab. XV. 
Fifi- 8- 


Ti. 

thefe three 
Cohntrs are 
not Jo eaGly 
feeri^ *f the 
forcgaing Ex- 
fcriment be 
mude roilh a 
fmall Globe . 


T¿. What 

JD ropi ofRain 
tan appear 
.colon* ed . ; and 
of the Jixis 
of Vi fien. 
Tab. XV. 
FigS. 

Tab. XVI. 
F¡g- 4- 
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fee Reí, Yellow and Blue, at the fame Time, painted 
very difticily upon the Paper. 

ii. Further; if we go on ftill to raife or deprefs the 
Eye, fo that it be not any where in the Space VPM 
in the fecond Figure, or F 7 M in the third Figure, we 
fhall fee ?io Colours at all. And there is no Reafon to 
fufpeci that the Colours which we iaw befóte, were cau- 
fed by other Rays than thofe mentioned j for if, f ot 
Example, the Glafs Ball be covered almoft all over, fo 
that the Rays of Light have no PaíTage any where buc 
at the Places marked F and N, in the fecond Figure, we 
fliall ftill fee them,- whereas we IhalTfee them no longer 
if only one of thefe Places be covered ,• or if any opake 
Body be put in the Hole of the Glafs Globe where 
the Water is poured in to fill it, which may intercept ei- 
ther of the Rays FIC or KNj though all the reft of the 
Globe be free and uncovered. 

1 a. Befides the Difficulty of diftinguiíhing thefe three 
Colours, by reafon of the very greatVividnelsof the Rays, 
there may be another, if we make ufe of a very fmall 
Globe, and efpecially if it be furrounded with very bright 
Objefis ; For thefe Objeíts íhake fo much thofe Parts 
of the Eye upon which they defcribe their Images, by 
the Imprellion they make, which extends itfelf a little all 
round ; that the eífedtive Rays which come from the 
Ím3ll Globe, and terminare upon the fame Capillamems 
of the optick Nerve, are not capable of making fuch an 
Impreffion as can be perceived. But tbis Smallnefs may 
be compenfated by che Number; anda great many very 
fmall Globes, fuch as Drops of Rain are, lide-ways and 
above and below each other, may make the Space which 
theypoflTefs, feem to be filled with thefe three Colours; 
provided the Place in which they are, be fuch, that the 
effedtive Rays beíonging to them can come to the Spe- 
ctator’s Eye. 

13. Now in ordar to find out where this Place is, let 
us imagine a ftraight Line coming from the Center of 
the Sun, and paffing through the Eye of the Speótator, 
whofe Back is turned towards the Sun ; to be concinued 
on to the Part oppofire to the Sun, íuch as VX in the 
fecond Figure and 7 X in the third Figure. This Line is 
that which fome others before us, have called the Axis 
of Vifion, which becaufe it comes from a Point fo very 
diftant,-may be looked upon as párallel to all the Lines 
which come from the fame Point. And becaufe a right 
Line falling upon cwo paraílel Lines, make the oppofice 

altérnate 
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altérnate Angles equal ,• if we imagine that there goes 
from the Eye of the Spedator, to the Part oppoiite to 
the Sun, (where we fuppofe it to rain then) an indefinite 
Number of vifual Rays, which make three Sorts of An- 
gles with the Axis of Viíion, viz. of forry one Degrees 
and forty fix Minutes ; forty one Degrees and ihirty Mi- 
nutes ; and forty one Degrees and fourteen Minutes ; and 
that thefe Rays meet the Drops of Rain which the Sun 
fhines upon ,• we fhall eaíily apprehend, that thefe vifual Rays 
make Angles of the Eme Bignefs, with Lines drawn 
from the Center of the Sun to thefe Drops; and confe- 
quently that thefe Rays are the fame as the ejfeílive Rays 
which caufe the Senfation of Colour : Thus in particular, 
we are fure, that the vifual Rays which make Angles of 
forty one Degrees and forty íix Minutes with the Axis of 
Vifrn, are the very fame as the ejfeílive Rays of Light, 
which caufe the red Colour, as VT in the fecond Figure ; 
thofe which make Angles of forty one Degrees and thirty 
Minutes, are the fame as the ejfeñive Rays which caufe a 
Yellow, as PN in the fame Figure ; And laftly, thofe 
Which make Angles of forty one Degrees and fourteen 
Minutes are the Eme as the Ejfeílive Rays which caule 
Blue or Green, as ML. So that all that Part of the Air 
where thefe Drops are, and where thefe vifual Rays ter- 
mínate, ought to appear tíndured with thefe three Colours. 

14. Further; it'is evident, that if the Eye be placed in 
the Vértex of a Coste, in order to fee the different Objects 
which are upon the conick Superficies, without having 
any Regard to their Diftance ; thefe Objeds muft feem 
to be in the Circumference of a Circle. Now the Eye 
of our Spedator is in thecommon Vertex of three Cones 
formed by the vifual Rays, which make thofe three Sorts 
of Angles before-mentioned, with the Axis of Vifton : 
And the Drops of Rain which appeared, are in the Su- 
perficies of that Cone, whofe Angle at the Vertex is big- 
geft, and which is the external one of the three. Thofe 
which appear yellow, are in the Superficies of that Cone, 
whofe Angle at the Vertex is a little lefs: And Thofe 
which appear blue or green, are in the Superficies of the 
third Cone, which is within the other two : All thefe 
Drops therefore ought to appear like three Girdles difpo- 
fed in a Circle, the one red, the other yellow, and the laít 
green: And becaufe the vifual Rays which come from 
the Eye of the Spedator, make with the Axis of Vtfion, 
Angles a little bigger than forty one Degrees , and forty fix 

Minutes ¡ 
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Minutes ; ora lítele lefs than forty one Degrees and four- 
íeen Minutes j they make alfo greater or lefs Angles with 
the Lines drawn from the Center of the Sun to the 
Drops of Rain at their Interfedion; whence ic follows, 
that thofe vifual Rays are the fame with fome of thofe 
which vw before called ineffedual, or incapable of raif- 
ing the Senfation of any Colour. So that thefe three 
Girdles which are red, yellow and green, being clofe to 
each other, and no coloured Objedts beíides near them, 
they muft form the firffc and principal of the two Rain- 
bows that are often leen. 

15. It is to be obferved y that when I juft now de- 
termined the Drops of Water that ought to appear co- 
loured, I excluded thofe which' meet with the vi fu al Rajs 
which are fuppofed to come from the Eye of the Spe&a- 
tor, and to make with the Axis of Vtfion , Angles bigget 
than forty one Degrees and forty íix Minutes : But I did not 
mean to exelude thofe Drops, which other vifual Raji 
meet with, and make Angles coníiderably bigger. For 
it is certain, that if we fuppofe an indefinite Number of 
thefe Rays to come from the Spedator’s Eye, and to make 
with, the Axis of Vfion Angles of about fifty one Degrees and 
forty four Minutes ; and other Angles of about fifey two 
Degrees, and others of about fifty two Degrees fixteen 
Minutes, the Drops which they fall upon ought to appear 
coloured : And particularly, thofe o£ them ought to ap- 
pear red, which are feen by the Rays, which make an 
Angle of fifty one Degrees and forty four Minutes ,■ be- 
caufe thefe are the fame as the effedive Rays, which afta 
having been twice refledted and twice refraded, have a 
Power to excite this Colour, fuch as the Ray FE, in the 
third Figure. Thofe ought to appear yellow, which are feen 
by the vifual Rays, which make an Angle of fifty two 
Degrees, becaufe they are the fame as the effedive Rays 
which produce this Colour, fuch as 6 7 in the fame Fi- 
gure. And laítly, thofe Drops ought to appear blue or 
green, which the Rays fall upon that make an Angle 
of fifty two Degrees fixteen Minutes , becaufe thefe Rays 
are the fame as thofe which caufe blue or green, fuch as 
ML in the lame Figure. 

16. Further, thefe Drops being diípofed in a Circle, 
round about the Axis of Vifon, very near each other, and 
there being no other coloured Objeds near them, it is 
manifeft, that they muft form a fecond Rain-bow ¿ which 
from whaf was before faid, muft have its Colours lefs 
vivid than tha firft, and alfo be difpofed the contrary 
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Way ; for the Red Colour, which appears under tbe big- 
geft Angle, in che firft Rain-bow, is outermoft, and tbe 
Blue innermoft ; buc in chis fecond Rain-bow,; the Red 
which appears under the leaft Angle, is innermofl:, and the 
Blue outermoft. 

17. This Explication very well accounts./or the Dif- 17. 
ference and Order of the Colours which appear in the in- f 0 %"‘ 2 ‘ nt r 
ternal and externa! Rain-bow, and is fuíScient to convince Lln- 
us of the Truthof it. And I cannot poffibly help being 

fully affured that it is fo, when I fee thac every Time 
the Wind blows backwards and forwards, and diíperfes 
every Way, the Water of a Fountain, whileit is playing; 
or when ever I fpirt Water out of my Mouth and icatter it 
aboutin a Place oppoGte'to the Sun, where its Rays come, 
and beyond which there is no bright Objects; there 
alvvays appear artificial Rain-bows, which do not at all 
differ from thofe we cali natural ones. 1 

18. For want of confideriíig this Experiment, fome jg. ACm~ 
modernjPhilofophers have attempted to explain the Rain-- »/ 
bow, bv imagining, that there is formed in the Air, a 
tranfparent Cloud of a particular Figure, which, when anda Cmfl- 
the Rays of the Sun país through, refraóts them in fuch a taúm °f it - 
manner, that when they come out of this Cloud, every 

one of them becomes capable of exciting the Senfation of 
fome Colour ,• and all of them together bccome capable 
of forming a conick Superficies, ac theExtremityof which 
there is fome Cloud, by which the Rays are refleded to 
our Eye, and fo caufe the Appearance of a Rain-bow. 

For, if, without giving themfelves the trouble to exa- 
mine a great many Things which neceíTarily follow from 
this Hypotheíis, and which do not at all agree with Experi- 
ence, they had but conlider’d, that there is nothing at all 
like this tranfparent Cloud interpoíing, when, whac 
they cali artificial Rain-bows are formed, they would 
have been convinced that their Conjedures are falfe. 

19. Thofe that favour the Explication which we have ic,.Thath 
now condemned, always anfwer hete; that Rain-bows 

have been feen, when it has not rained ; and therefore ]^ e 
they muíf neceílarily depend uponfome other Caufes, at Rain-bowis 
leaft fomecimes, than thofe which we have affigned. But 
this Obfervation concludes nothing againft me ; For it 
does not follow, thac becauie there is no Rain where we 
are, therefore there is none any where elfe. And wbat 
I have faid concerning the Nature of the Rain-bow, feems 
£0 me fo neceílary, that I think, I may fafcly venture to 

Yol. II. Q_ gffirm 
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affirm that ic always rains in the Place where the Rain- 
bow appears. 

20. It will ftill farther confirm our Opinión ; if we can 
fliow that all the Properdes, which have ever been ob- 
lerv.ed in the Rain- bow, may be deducedfrom thence: 
And firfe ; ein our Hypotheíis, it is very eafy to give a 
Reafon why it is always of a certain Breadth, and never 
increafes or diminifhes j for it is ínanifeft, 1 that this 
Breadth muít neceííarily be contained under an Angle of 
thirty rwo Minutes , which is the DifFerence qf the Angles 
under which we have fhown the extream GolouVs ougkc 
to be leen. 

2r. The Rain-bow muft alfo necelTarily appear more 
diftindt on the Red íide than on the Blue, where the Ca- 
lo ur grows fainter gradually, till it vaniíhes. This you 
will readily acknowledge, if you look upon the Figures 
where all the F-ays which come out of a Drop are ae- 
feribed, and obferve ; that there come no Rays at all 
out of that Side which we affirm to exhibit the Red Co- 
lour ; but that there does come out fome on that Side, 
which exhibius the Blue ; which, though they are not 
able to cauíe ány vivid Senfation, do yet excite fome Sort 
of Senfation. Whence it follows manifeftly, that becaufé 
thofe Drops of Rain which are on that Side of the Rain- 
bow which appears Red, do not fend any Rays at all to 
our Eyes, therefore this Colour muft ceafe all at once; 
Whereas the Drops which are near thofe that appear Blue, 
do fend fome weak Rays, and therefore we ought to fee 
a fainter Colour in the Place where they are ; and this is 
the Reafon why the Blue fades infenfibly. 

22. Again, if we confider that the Drops which appear 
colóured, are feen under a certain Angle about the 'Axis 
ofVifio 7 !j and that two different Períbnshave a different 
Axis, we íliall plainly fee, that every Spe&ator has a par- 
ticular Rain-bow of his own ; And this is confirmed by 
Experience ,• (contrary to the Opinión of thofe who ex- 
plain the Rain-bow inthe manner 'which we juft now con- 
futed) firft in the Water which is fcattered about in the 
Air, by a Fountain or out of one’s Mouth, in a Place 

op- 


i. That this Ureadth , 8cc.J This 
is a -very great Miftake. For [he 
outmoft or firft. Rain-bow, is really a- 
bove ctvo Degrecs broad, and the in- 
■nerone above futir Degrees ; but the 
Colcursic the extreme Parts of the 
Rain-bows are fu obícure, that we I 


cannot fee them of fo great a Breadth. 
Set above , Art. 6 . But icwas ver y 
eafy for a Perfon to malte this Mi- 
ftake, v.'ho was ignoran! of the dif- 
ferent. Refraítions of the feveral Co; 
lours, 
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oppofite to the Sun : for in both thefe Cafes, every Body 
fees the Bow in different Drops, and refers it to different: 

Places. So likewife in very great Rains, caufed by the 
Diííolution of the Clouds, if a Rain-bow appéars, and we 
can apply the Horas of it to any thing that is fixed, vve 
fhall fiad it change its Place as we move barjcwards or 
forwards 3 And this gave Occafion to this Saying ; That 
the Rain-bow fol/ows tbofe that fiee from it , and fices from 
thofie that fiol/ow it. 

2.3. The Bignefs of the Rain-bow is more or lefs, as , g 
more or lefs of the conick Superficies is above the ‘fiRa'm-im 
Surface of the Earth, at the Time of Obfervation 3 And CifcffiñLct 
this Portion is fo rnuch the lefs > as the Inclination of theilfs a "the 
the Axis of Fifia» to this Surface, is greater 3 now this In- s ’¡ n h k her 
clination is fo much the greater as the Sun is higher 3 The 
higher therefore the Sun is, the lefs is the Rain-bow. 

24. It is evident, that if the Sun be more then forty wty 

one Degrees, and forty fix Minutes q levated above the Ho- aRqin-bov 
rizón, then the Superficies of the Cone, in which the ZZTsl 
Rain-bow ought to be feen, muft entermto the Earth at ittUvateit» 
a little Diftance from the Eye : Whence it follows, “cmainDe- 
becaufe there are no Drops of Rain in the Place where the 

they would appear coloured, and this .Place is not vifible, 

being within the Earth 3 that therefore there can be no 
principal Rain-bow feen at all. 

25. Farther 3 if the Sun be never fo low, even in the 2.5-. That 
Horizon, it is impoííible to fee any more than a Semicir- fffffififf 0 
ele of a Rain-bow, if we look upon it from a Plain 3 be- 

caufe its Center is always in the Axis of Fifion 3 which ” ncr a PP^r 
Axis is then upon the Superficies of the Earth, and not j * 
the leaffc elevated above it, unlefs you reckon the Height 
of the Spedtator’s Eye, which is very inconfiderable, efpe- 
cially if the Rain, where the Bow is, be at any Di- 
ftance. 

2 6. There is no doubt but if when the Sun is in the A.Ptma 
Horizon, the Spectator were at a very great Height above 

it ; as, for Example, upon the Top of fome very high an entire Cir- 
Tower3 that then the Height of the Axis of Fifion , in ctc , m p p«f~ 
which the Center of the Rain-bow is above the Horizon , c fi sn ° 
would be confiderable (compared with the Bignefs of that 
Circle, partof which the Rain-bow ufes to be) and fo more 
than a Semicircle would be feen. And we may fuppofe the 
Tower fo high, and the Rain ib near the Specfator’s Eye, 
that he may fee a Rain-bow coníiftingof an entire Circle. 

0^2 27. And 

1. A t the Inclín at'mi, &c.] Thac’ | Perpendicular with rhe Earth, a very 
is» is more elevated,, o# nearsrioa j un ufa a i Senfe of this Word* 
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27. And if atthe fame Time, fome Cloud fhould hin- 
der the Rays of the Sun from falling upon the upper Pare 
of the Circumíerence of chis Circle; chenche lowerPait 
only woüld hc-fecn, and the Rain-bow would appear in- 
verted.' Such perhaps mofe havé been thac are mentioned 
by íbtne Aijsbors as very extraordinary Things. 

28. Wbat I have ñovv íaid does noc hinder bur that a 
frrí'J’a* ojr Rain-bów may be feen inverted by fome other Means; 

For if, when the Sun is above forty one Degrees and forty 
íbe Mbiutes high, irs Rays fhoiild fall upon the Superficies 
of fome largé írnooth Lake, in the Middle of which. we 
foppoíé the Spedtaror’s Eye to be ; and at the fame Time 
there fhould fall lome Rain in that Part of the Air to 
which the Rays are reflecfced, it would be the íáme Thing 
as if the Sun iliined below the Hori&ott , and the Axis of 
Vi fon extended it íelf upwards: From whencc it rollows, 
that the conick Superficies which determines the Drops 
that ought to appear coloured, will be entirely above the 
Surface of che Earth y but becaufe the whole Clouds pof- 
fofs the upper Part of that Superficies, and the Drops of 
Rain the iower- Part only ; it is manifeft, thac an inverted 
Rain-bow only can be leen. 

¿9. whya 29. Plere we ought to remember, that we are not capa- 
Rain-bom bleof conceiving diftinctly in our fvlinds, thelmagesof 
"Jaíjnm¡t~ geeat Diftances, but that all Qbje&s beyond a certaia 
Limit, appear at the fame Diftance ; and tbis is the 
Reafon why there are an infinite Number of Objedts, at 
unequal Diftances from us, which yet we judge to be all 
equally diftanc from ns ¿ Thus, .though the whole Su- 
perficies of a great many Clouds togecher, is very une- 
qual and like Waves j and the different Parts of chis Su- 
perficies are very unequally diftant from the Place where 
we are; yet we generally imagine it to be dné fingle con- 
cave fphosrical Superficies, of which our Eye is the Cen- 
ter, and we place in it a great many other Objedls which 
aremuch below it, as the Pop? of Steeples, and the Birds 
which fly in the Air: Now this Miftake, or ratber De- 
fc£t in our Imagination, makes us think that the Colours 
in che Rain-bow are placed in the lame Superficies, and 
coníequen.tly we judge them to be further off, larger, 
and more exaítly round than they reálly are. 

30. Tbjt 30. Henee weíee, that though the Drops of Rain are 
there í sn ° ; : abíoiutely nécefíary • in order to produce a Rain-bow, 
7 Jíud¡:‘í'tbt y«c K ni ay happen, that there may fall none in the Place 
P!,¡ce "tíh'tre where we imagine the Rain-bow to be. 

the iiafn-boM OT TJ, ir 

appeáts ti b& 3 1, ü ■ 
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'31. But I tmifl: not forget, upon this Occaficn, to take sy- n<m a 
Noticej that ií che Drops of Rain that ought to appear 
coloured, do not happen to be diredtly againfc a Cloud, 7 , 7 a 77777 
but agamí! fome other Objedts which tbe Spe&ator’s 
Eye is fixed up.on 3 he will imagine that he Tees a Raiu- 
bow painted upon thofe Objeds : And thus ? have ícen 
fome painted upon' the Sides of Móuntaips- anda Friend 
of mine, being not long lince upon a very high part of the 
Alps, and looking down into a Valley over againft him, 
where it rained very hard, and the Sun, which was at a- 
great height above the Horizon, and on the oppoíite Side 
to the Rain, ílione upon the Drops 3 faw a very vivid 
Rain-bow, which he believed to be upon the Grafs in a 
Meadow below the Rain. 

32. Ñor ought I to pafs over in íilence a very re- 32. o/„, 
markable Obfervation, which is this 3 that, whereas we e ^ra- 
have hitherto confidered the Drops of Water as falling °i 77 ¡ 7 -ím, 
in the Air, and fucceeding each other in thofe Places 

where they ought to appear coloured ,• we may alio con- 
fiderthem, as fixed in fome Places, where they may con- 
tinué very nearly round : Thus, a v,ery ingenious Perfora 
walking upon a Bank one Morning, faw on one Side of 
him, upon the Graís, in a large Meadow juft by, a R.ain- 
bow, which feemed to change its Place and to go along 
with him 3 which he was the more furprized at, becaufe 
it was very clear and no Cloud to be feen any where. But 
his Surprize ceafed, when upon examining the Herbs in 
the Meadow, he found almoft all the Leaves covered with 
Drops of Water, like thofe of Dew, which he imagined 
were caufed by a very thick Miñ falling, with which the 
Air was filled but a little before: For, he not being unac- 
quainted with the foregoingExplication, rightly judged, that 
it was thefe Drop, of Water which were the Occaíion of the 
Rain-bow being feen fo long as they remained upon the 
Herbs : And he very well knevv, that this Bow ought tp 
appear inverted, as indeed it did ^ becaufe it was only the 
lower Part of the conick Superficies which furrounds the 
■Axis ofVifion , that paííéd^through the Drops of Water. 

33. Further^ That there may remain noDoubtbut that 3 „ 
the exaft Roundnefs commonly obferved in a Rain-bow, Rain-bow 
depends, as was before faid, upon this 3 that we imagine f^¡ 7 p av 
its Colours to be painted upon a Superficies, which we " ‘ 1 
believe to be in every Pare equally diftant from us 3 lee 

us confider, that if the Rain which caufes the Rain-bow, 
falls fo near to us, that we can perceive the different Di- 
Q 3 .flanees 


24(5 ROHAUL c í*s System PartlII. 

ftances of the Drops and Clouds or any other Objedts be- 
yond it, upon which we imagine che Bow to be painted ; 
then che Rain-bow wiii noc appear fo regular, bucwe íhall 
perceive a greatmany Sores of Inequalities. ForExample, 
if che Wgid blows ic cowards us, fo c'hac the Iower Drops 
are nearer us chan che higher ones ; then che Horns of che 
Rain-bow will appear co be noc fo far off as che Arch, 
and confequenrly the Bow will feem inclined to che Ho- 
rizon. 

34. How 34 And if the Rain be terminated on the Side of the 
a e RaZ”~Lw Speiftator in a Plañe ío inclined to the Axis of Vifon, asto 
muy appear to make an acute Angle on the Left-ftíand, and an obtufe 
oneon theRightj che conickSuperficies, which determines 
.au.ei. t | le £) ro p S 0 f ;¡^ a ¡ n c hac ought to appear coloured, muft ne- 
ceífarily incerfect thoíe Drops in fuch a manner, that thofe 
which are on the Left Hand, will be much nearer to the 
Specfator 1 and to the Axis of Vijion, than thofe on the 
Right : And becaufe thefe two Sorts of Drops fortn the 
two Horns of the Rain-bow, they muft neceííarily appear 
at unequal Diftances : And becaufe the Center of the 
Bow, is that Point which is equally diftant from each 
Hora, therefore we cannot but imagine it to be out of 
the Axis of Vifon. 

^ 3r- Of a- thefevera! Sorts of írregularicies hitherto menti- 

I "itiuYn”’ one d, the Drops of Rain are fuppofed to be always exaítly 
ihc Rain- round, as they generally are ,• but if they be fuppofed to 
i ° m • be made fíat on any Side by the Wínd, it. iseafy to ima- 

gine that there may be produced other Sorts of Irregu- 
larities than any that have been hitherto taken Notice 
of. . 

3,s- Ho vea 36. If we add to this ; that the Rain-bow muft appear 

may'/bmc- b roben in íome Places, it it ceafes to rain there, or if the 
tiñes appear Rays of the Sun are by any means hindred from going 
iraken. thither ; and that on the contrary, fome of thofe Breaches \ 
which appear in fuch Places, may be filled up again, 
whenitbegtnsagain to rain there, orwhen the Rays, which 
were hindred by the Interpoficion of fome Cloud, get 

thi- 


Y . And to the Axis of Pifión, &c. ) 
Imagine firft che Axis of Vifion co 
be perpendicular co che Plañe of che 
Rain-bow j and íuppofe two righc 
angled Triangles, one on che righc 
Hand and che ocher on che left, che 
¿Perpendicular to each of which is che 
Akis of Vijion, and che *Bafe có each, 
haif che Diameter or che Bow. Then 
lee che Plañe of cheBo w be inclined i 


the Axis of Vijion, asthe Author here 
imagines. Thisbeing fuppofed} be- 
cauíe thoíe Angíes of thefe Triangles 
which are next the Eye, -muft remain 
always che íame y (vise. forty thra 
Degrees in the fame inner Bow) 
cheretore, when che Bow is thus in- 
clined, the Bafe óf che righc Hand 
Triangle muíf appear much longer, 
than chac of che lefe Hand Triangle. 
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thitheragain.j there willremain no one Circumítance of 
this Phsenomenon, though never ío inconfiderable, but a 
very evident Reafon may be given for it 1. 

37. I ihall here put an End to this third Part tbo’ 
I cannot iay that it is compleat : It takes .in fo many 
Things, that it is impbffible for any mortal ¿Man to ex- 
plain them all : And the greateír Part of thofe which re- 
main to be accounted for, depend upon fo many particu- 
lar Circumftances, fome of which require a great deal 
of Study and Application, and others cannot be found out 
but by Chance ; that when I fhall haveput mylaft Hand to 
this Work,and have explained all thofe other Things which 
fhall hereafter come to my Knowledge 3 there will ftill 
remain enough to exercife thofe who come after, for many 
Ages. But though what remainsyet to be done, isalmoft 
infinite, and therefore what I have faid bears no Proportion 
to what may be faid hereafter,- yet I think it is fufficienC 
for me, if the Principies which I have advanced and eíta* 
blilhed, be fuch, that withoutchangingthem, we may be 
able ftill to go on in the W ay of difcovering T ruth. Wbere* 
fore I fhall now proceed to fay fomething of the Animal 
Body, and try if thefe Principies will not help us to fome 
Knowledge of that. 


1, Concerning what remainsfur- 
ther to compleac this Theory, vía , 
to explain Partidla, and thofe Circles 
which they cali Halo's, See the fa- 


mous Sir ifaac Neaton’s Opticks, p = 
1 ;6 and 290. And H«¿en's Poí>= 
humous Works, 
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Of the Things coniained in this Fourth Parí, 



II O U G IT this Terra Atibnated Body 
be extended as well to Elants as 
I fliall now reñrain it to 
And becaufe there are 
Number of Species of 
is an impoffible Thing to 
to treat of every one of thein 
particular ,• I fhall thetefore con- 
diícourfing upon the humane Body on- 

iy 
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ly^ which we are more concerned co underftand than any 
cther. Though chis does not hinder, but that what I 
fhall fay, may be applied to the Bodies of other Animáis, 
and may help to explain fuch Próperties as the greateft 
Part of Beafls have in common witli Man. , v 

2. The Knowledge that can be gained upon this Sub- 
jeít 3 is of two Sorts ; fuch as may be acquired by the 
Help of our Se'iif s j and íuch as may be acquired by the 
Help of our Be afon : And we may afnrm, that the latter 
does in íbme Meaíure depend upon the former ■ for ic is 
certain, that that which falls under the Notice of our 
Senfs , is a Sort of Rule or Foundation for our Judgement 
in what does not fall under the Notice of our Senfes. Where- 
fore that I may proceed in a right Method,- I fhall begin 
witli tboie Parts, which do fall under the Notice of our 
Senfes. 1 

3. Thefe Parts are alfo of two Sorts : For fome of 
them are externa!, and offér themfelves immediately to 
our.View; others are internal, andcannotbe feen without 
fome foregoing Preparation j fuch' as thofe which are difeo- 
vered by the DiTedion of a dead Body. There is no need 
of enumerating the former ; for every one kuovvs that 
there is a Head, Arms and Breaf , &c. in a Body. Every 
one knows alio, that a humane Body confiñs of a 
great many different'Parts, fome of which may be divided 
into other like Parts, or Parts of the fame Nature ; thefe 
Pbyficians cali fmilar Parts, fuch as the F/efj. Others 
may be divided in tmlike Parts., or Parts of a dijferent Na- 
ture ■ thefe théy cali dijfin&r Parts. Thus the Hand , 
which may be divided into Plefp, Bastes, Nerves, Tendons, 
&c. which are Things of a different Nature, is a disimi- 
lar Part. So likewife every one knows, that there are 
fome Parts of the Body which we make ufe of as htfiru- 
msnts to perform certain Aéfions, which we could notr 
perfórm without them 3 as, for Example, we ufe the 
Hand to write with 3 thefe Parts are called Organical Parts. 
It is evident alio, that diereis no Part foinconíiderable, buc 
that its upper, lowcr, middle, and fde Parts may be affigned. 

4. Tliey who treat too largely and intenrly upon fuch 
Things as thefe, as if they were of great Moment and Con- 
cern, do more Mifchief than they were awareof 3 forrhey 

- thereby vitiate and corruptthe Judgemenrof a great many 
who make a Science of VPords rather than of Things. By 
thiá Means they accuftom themfelves to talk on a great 
while together without any View, and yet they 
nave faid notbing but what all the World knew before, 

except. 
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except, perhaps, that they have ufed a great deal of afiéJ 
ded Jargon, which may indeed gaia them fome Credit 
amongft ignorant People, but which cannot buc render 
them contemptible to thofe who have any good Judge- 
ment in gjftinguiihing betwixt the Soimd of Words y and 
the Reafoh ofThmgs. 

5 . Leaving therefore, the external Parts, I íhall treat 
principally of the^ internal ones. But I would have the 
Reader take Notice here ,• that the Defcription which í 
íhall' give of fome of them, isnotfo much to inform thofe 
who have never feen them ,• as to bring them again inta 
the Minds of thofe who have before obferved them in a 
dead Body, or at leaft, have coníidered them in the Bodies 
of fome Animáis, whofe interna! Parts are like thofe of a 
Man j for it is very abfurd to think that any Difcourfe, be 
it ever fo particular and clear, can inform fo much, as can 
be difcovered almoft in a Moment by looking upon the 
Subjeft. 

fet ltvmT 1 ^ “'g^ indeed have mentioned the Bones amongft 
zhinghasbeen the Number of thofe Parts which ought to be treated 
fa¡d abolí t 0 f diftinctly ; for they are hid under the Skin, and cannot 
the Bones. be ¿¡feerned by t h e Ey e ; But becaufe I do not under- 
take to write a compleat Treatiíe upon this Subjed, but 
only conüder it with fome particular Views, which will af- 
terwards appear; and becaufe wecan knowby oúr Feel- 
ing only, how the Bones are tnade, and' where they are 
placed.; after we have once obferved them in a Skeleton, , 
where we ought to take Notice in the firft Place of their 
particular Figure, and of the Manner in which they are 
connected together ; therefore I (hall forbear fpeaking of 
them in this Treatiíe. 



CHA P. II. 

A general Defcription of the larger Parts containeH 
in a humane Body, 

i. of the ^HE Boneof the Head, which is called the Scull, is ful! 

of a foft white Subftance which they cali the Bfaiih 
and which extends it feif, as it were in a Channel, all a- 
long the Back-Bosie , which the PhyíiciatJS ca]l the Vertebró 
to which the Tiibs are fixed. 
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2. The Scull does noc touch the Brain immediately, of ikc 

but the Brain is covered with a very ítrong Membrane 

which is called the Dura Mater , under which there is yet 
another thinner Membrane which they cali the Pía 
Mater. ■ 

3. The Truflk of the Body, or that part wnich is be- 3 . 0/ the 
twixtthe Neck and the upper Parts of the Thighs, con- 

tains within its Cavity a great many very different Sorts andihlHclrt, 
of Parts. The upper Part of this Cavity, which is call- 
ed the upper Belly, or the Breaft, contains the Langs , which 
are divided into a great many Lobes, and appear to 
furround a Membrane, called the Pericardium , being in the 
Shape of a Purfe, containing the Heart , together with a 
Liquor in which it fwims, very much like Uriñe. The 
Heart is faítened to the Vertebra by Ligaments which 
reach from the Bafe of it thither, in fuch,a manner that the 
Point of it inclines a little to the left Side. 

4. Beneath the Lungs and Heart, in the Place where 4. 0/ tbs 
the upper Belly ends, is the Diaphragtn, which is a ver y 

thick Membrane, dividing the upper Belly from the lower 
one, and is fo fituated, that when a Man ítands upright, it 
is like a Level, which neither inclines to one Side ñor the 
other. 

5. Below the Diaphragm, on the right Side, is the Liver , °f 

in the lower Part of which is the Gall-Bag j and on the bagfand 11 ' 
left Side is the Spleen. sfieen. 

6 . líowever, about twenty Years ago, I faw a dead tr ^ r ¿& a cx ~ 
Body, in which thefe Parts had a quite contrary Situation; sítuatímüf 
the Liver was on the left Side, and the Spleen on the right ; tk e -Dwr 
which is fo rare a Thing, that it has never been obferved and splee "‘ 
before. 


7. Betwixt the Liver and the Spleen is placed the Ven- 
trkle, which receives all that we eat and drink, carried m uc cs ' 
thither through a Channel, called the Oefophagus or 
Throat, which lies along the Vertebras. 

S. The Ventricle has two Holes in it, one to receive 8. 0/ 
the Viduals in at, and the other to Jet them go out : And y 0 e l ‘ s tr f t [l'' e 
at this Part, which is called the Py loras begins the Inteflines 
oxGuts, which after feveral Windings and Turnings, end 
at that lower Hole, out of which the grofs Excrements of 
the Body come. 

9- Properly fpeaking there is but one Bstejline ; but as 9. of út 
a long Street has fometimes feveral Ñames given to dif- lnte í l ' nei ' 
rerent Parts of it : fo this long Inteftine, is in imagination 
divided into feveral Parts, which Phyficians have given 

different 
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different Ñames to : The firft Part which joins imme- 
diately to the Ven tríele is tallecí the Duodenum ; the fecond 
is called the Jsjtmum ; the third, the Ileon ; the fourth, 
the Colon ■ and, which might be called thefifthand laft, the 
Reólum : But betwixt the Ileon and the Colon, is a 
Gut, the^Bpttom of which is ílopped up, libe a Street 
which has no PaíTage rhrough it, and this is called the 
Císcimj ío that there are reckoned fix Inteftines,- Thefirft 
three are called the Jmallox Jlender Guts , and the three other 
are much thicker. 

ío. AU the Inteftines lookatfirft Sight asif they fioated 
about in the Body, without being faítened ; but by taking 
hold of them, we find that they are faílened to a certain 
Membrane which is called the Mefer.tery , and which is 
fixed to the Vertebras. 

11. Befides thefe, the lower Belly contains thetwo Reim 
or Kidneys , which are fixed to tbe Vertebrse, and the Blatl- 
dar which is the Place that contains the Uriñe. 

12. It is proper to coníiderall thefe T.hings thus gene- 
rally, notonly beforewe come toa particular Examinarion 
of them, but before we come to the Confideration of 
fome other Things, which are not fo eafily difeovered ; be* 
caufe that by having gained a general Knowledge of the 
Order and Difpofiiion of all thefe Parts, we may fornit to 
our felves at firíl a general Idea of the whole Machine oí 
a human Body, which is the Objedt of our Inquiry. I 
come now to thofe Things which require more Applica- 
tion, and a more exact Defcription. 

C H A P. III. 

Of the Brain, . Nerves , and Mufles . 

GpHE Brain isdivided intotwo Parts ; the Tare -part and/ 
the Hinder-part. The Fore-part which is much lar- 
ger than the other, retains the Ñame ot Braba, and the 
Hinder-part is called the Cercbelluvi. In the Sabftance of 
the Fore-part there are two Cavities fo íituáted, that they 
have a Communicacion with a third, which is in the 
Hinder-part j and above the Chantre], by which this Com- 
munication is made, there is a ímall Gland called the 

Conarim 
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Cmarium ; which ís faftened by its Bafe to the Subitáneo 
of tbe Brain, of which it felf a Part, and its Vertex feems 
to be fufpended in tbe Middle of all the Cavities. This 
fmall Gland is very remarkable, on the account of its 
great ufe to many Purpofes, and pardcularly for this, that 
though all other Parts of the Brain are double, thjs alone is 
Jingle. 

2. When in diííedting a dead Body we endeavour to 
taire the Brain out of the Scull in which it is contained, 
we find it hindred, firft, by the Dura Mater , which fticks 
to the Scull in feveral Places ,• íecondly, becaufq there 
goesfrom the Brain fevew Fa/rof Nerves todifferent Parts. 
The two O'Mck Nerves, which we fpoke of towards the 
Gonclufion of the firít Part of this Treatife, make what 
the Phyficians cali, the firft Fair : Thofe which end at 
the Mufclesof the Eyes, are the ficoizdPair : Three Pair 
go towards the Tongue, tbe tbird, fourth-, and feventh : 
That which goes to the Ears in the fftb 3 And the ftxth 
is that which dhfcends through the Neck, andis fubdivided 
into a great many fmall Nerves, which end at different 
Places, fome at the Lungs, others at the Heart, Ven- 
tricle, Liver, Spleen, Inteílines, and other Parts of the 
upper and lower Belly. 

3. Wefee alio a great many large Nerves, which come 
out of that Part of the Brain, which is contained in the 
Vertebrae, and extend themfelves to all the Members of 
the Body. 

4. All thefe Nerves as well as the foregoing ones, are e- 
very one of them wrapped up in two very ft'rong Mem- 
branes, which feem to me to be only the Dura Mater, 
and Pia Mater continued. 

y. The internal Subílanceof the Nerves, which may be 
called the Marrow of them, confiíts of an infinite Num- 
ber of very fine Capillaments, which at length feparate 
from each other, and difperfe themfelves to all Parts of the 
Body, till they become invifible, and are entirely out of 
thereachof our Scnfes. Buta great many of the Nerves 
divide and difperfe themfelves in fuch a manner, that, af- 
ter the Capillaments of which they confiíl, are as it were, 
mixed and blended, with fome Parts of the Flefh, which 
Mixture compeles what they cali a Mufcle, they then u- 
nite together ágain and make a Tendón , which generally 
is faftened to fome Bone. 

6 . Mr. Steno-i a foreign Anatomiíl, has lately obferved, 
íhat'the Diípofitión of the Capillaments of a Nerve which 
¡peet together in order to forra a Mufcle, is very ncarly 
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like what you fee reprefented in the Figure ; where AB 
is the Nerve, BECF the Body of the Mufcle, and CD 
the Tendón. This being the Difpofition of the Capillaments 
of the Nerve:. to which the Fibres of the Fleíh corre- 
fpond, it is very evident, that if the Interftices GHILM 
be filled ali at once with fome very fine Matter like Air; 
fuch as fhall afterwards be more particularly defcribed, and 
which Phyficians cali Animal Spirits, the Capillaments, fuch 
as that reprefented by EC, m'uft be very tnuch inclined 
ro fuch Capillaments as that marked BE.; and theré will 
be a fmali Interval between B and C. But if the fame 
Interftices GHILM be empty, then the Capillaments, 
fuch as EC will grow ftraight again, and get clofe to each 
oth'er, and fo by falling direótly in with thofe that are like 
BE, they will malte the Interval betwixt Band C larger. 

7. It may be obferved here, that the Place of the Nerve 
marked B where the Mufcle begins, is called its Ori- 
gin, and the Place marked D, where the Tendón isfixed 
to a Bone, or any other Part of the Body, is called its 
Infirtion. 




CHAP. IV. 


Of the Heart. 


t. of the t T'H E externa! Shape of the Heart is what no Body w» 
Fibres „f ¡he X ever ignorant of ; fo likewife has it been ahvays 

¿ ' M ‘‘ known, that the Fleíh of it, is the firmeft, the moft folid, 

and che hardeft to be pulled in Pieces, of any of the wholfi 
Body. But it is very lately, that a curious Anatomift, ( who 
thought of boyling a Heart, in order to the better and 
more eafily finding out the Difpofition of its Parts) obfer- 
ved that the Fibres of its Fleíh are difpofed two different 
VVays, fo that thofe which are on the out-fide go in the 

Form of a Screw from the Bafe to the Point ; but thofe 

on the in-íide go more direiftly from the Bafe to the 
Point. 

1. jvh,¡t 2- Now this different Difpofition of the Fibres of the 
^ eait ’ may reafonabíy -malte us think, that the Heart 
TfcafahiTlf. isa double Mufcle , fo compofed, that ifthe Interftices which 
are betwixt the Fibres which go in the Form of a Screw, 
are filled ali at once with a very liquid Matter, it muft 

groW 
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grow Iongerand narrower j but if chefe Interdices be empty, 
and thofe which are becween the Fibres on tile in-íide, 
.befilled,- it muft grow wider and fliorter. 

3. There are two Cavities, or bollow T laces in the Heart 
^hich are feparated from each othcr by a Piece of Fleíh 
called the Septum Médium , or middle Partition. One of 
thefe Cavíties is on the right Side , and the other Ola the left. 
They are each of them longer than they are broad-, but 
the lefc Cavity is manifeftly longer than the right one. 

4. Each of thefe Cavities have two Holes at the Bafe of 
the Heart ,• at the Entrance into which Holes, there are 
particular Membranes fo placed, that they will open and 
Ihut like Doors, though but one Way only. One of the 
Holes of the right Cavity, has three of thefe Membranes 
orValves, ío placed, that they will eafily open toanyTbing 
that would enter in ,• but ílaut thetnfelves when any thing 
offers to come out : The other Hole has three Valves alfo, 
but placed the contrary Way to the former, fo as to per- 
mit any thing that is within the Cavity ío come out eafily ; 
but refift any Thing that would get in. One of the two 
Holes of the left Cavity, is not round like the reft, but oval, 
and has two Valves fo placed as to open, when any Thing 
ofifers to enter into the Cavity, and to íhut when it would 
go out j The other Hole has three Valves placed contra- 
ry to thefe lafb two, and will open to let any Thing, which 
is in the Cavity, go out, andfhut to hinder any Thing from 
entering in. 

CHAP. y. 

Of the Veins and Arteries. 

^ H ERE is fcarce any Part of theBody but the Blood 
•®- will come out at it if it be pricked ; but there are fome 
VeíTelsfrom which the Blood willflowin alarge Quantity, 
if they be opened : Thefe are like fo many Channels to car- 
ry the Blood backward and forward ; fome of them con- 
fié of a very thin Skin which can eafily be contraíted, and 
we meet with a great Number of them under the Skin 
that covers the whole Body ; thefe are called Veins : The 
other, which are compofed of a very thick Skin, and 
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' don’t lie fo near che Superficies of t'ne Body, are called 
Arteries. 

That thc x. The principal Veins and Arteries of the whole Body 


are 6our, which are iníerted into the Bafe of the Heart, 
‘JirtA’és f w and ío end at the íour Holes which we juíl now mentí- 

at the ‘Baje Oncd. 


cftba Heart. ^ Th^VeíTel which ends at that Hele of the right Ca- 


lAa Cava, vity of the Heart where the three Valves are fo placed as 
todetany thing enter in, is the Vein called the Vena Cava, 
Ic is hardly got from the Heart before it runs in amongü; 
the Vertebra and is divided into tvvo Branches which lie 
almoft diredtly againíl each otber. One of thefe goes up- 
wards, 'and is again divided into an infinite Number of 
Branches which reach to the Arms and other fuperiour 
Parts of the Body, and is therefore called the Vena Cava 
afcendejis. The other goes downwards, and is alfo fubdi- 
videdinto a verygreat Number of Branches which extend 
rhemfelves to che Thighs and other lower Parts of the 
Body, and is therefore called the Vena Cava defeendm. 
Thusall the Veins of the Body, except chofe of the Lungs 
and Heart, depend upon the Vena Cava, or are like Branches 
of which the Vena Cava, is the Trunk. 
rh.it the 4. Sorne have excepted the Veins of the Mefentery al- 
V lint of the fo. But becaufe thefe unite in one Veffd, which is called 
arJ-BruZhes tt»e Vana Torta , which is inferted into the lower Pare of 
aftbe Vena the Liver, outof the upper Part of which comes the Ra- 
enva. mus Hepáticas, which is united to the Vena Cava below 
the Place where it enters into the Heart j therefore the 
Veins of the Mefentery may belooked upon as Branches oí 
the Vena Cava. 

5-. oftfri 5. The Vefiel that ends at that Hole of the right Ca- 
Anuí- y ¡ C y 0 f ■ t | ie Heart, where the Valves are fo placed as to 0- 
pen to any thing that would go out, is an Artery, which 
enters inno and ípreads it felf all over the Lungs, and is 
there fubdivided intoan infinite Number of Branches ofdif- 
ferent Bignefles. The Ancients gave the Ñame of Vena 
Arteriofa to this VeíTel, becaufe they were prepoffeffed 
wivh this Notion, that they were only Veins that ended 
at the right Cavity of the Heart, and that all the Arteries 
ended at the Ieft Cavity. 

6 . The Veffel which is at the left Cavity of the Pleart, ' 
the tw’o Valves of which will pérmit any thing to enter 
into' that Cavity, is the Vcin, which the Ancients by the 
farne Miftake as before, called the Arteria Venofa, the 
Branches of which are alio difperfed amongll: the Lungs. 
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y. The fourth Veffel, which is at the other Hole of 7 . 0/ the 
the lefc Cavity of the Heart, where the Valves are fo - Aorta ' 
placed as to let any Thing go out, is an Artery called the 
Aorta or Arteria-magna. It enters in amongft the Ver- 
tebra juft bytheHeart along the Side of the Vetia-Cava, 
and its Trunk, lilce thac of the Vena-Cava, is rfivided into 
t wo Branches, which are fubdivided and run in little Branches 
to all Parts of the Body in the fame manner as the Vena- 
Cava does. 

8. Some Phyficians have pretended to determine the 8. 0/ tht 
Numberof Veins and Arteries; but they could do ic on- y“'”¡ er 

ly in thofe which are the moft feníible • beíides which 
there are an infinite Number almoft, which they cali Ca- 
pillarj. And ic feems very probable, that it is from fome 
of thefe Veins thac the Blood comes when any Pare is 
pricked: From whenceic follows, that the Blood is always 
contained in fome Vein or in fome Artery. 

9. The Antients taught, that there were a great many 9. 0/ the 
Places of the Body where the Veins and Arteries had a 
Communication with each other : Thefe Communica- 
tions are whac all Phyficians cali the AnaJlojnofes, fome of 

which are to be feen fometimes upon che Superficies of 
the Lungs : But, as to the reft, which are a'vaít Num- 
ber, as fhall afterwards be fhown, we may venture to fay 
that the Ancients only gueíTed ac them ; the Foundation 
which they went upon being very weak, not to fay abfo- 
lutely falfe ; viz. There are, fay they, Anafiomofes, that 
the Blood may pafs out of che Arteries into the Veins to 
give Life to them, and ac the fame time, that Blood may 
pafs out of the Veins into the Arteries to afford them 
Nouriíhment. 

10. An Ejigli/b Phyfician, whofe Ñame is Harvey, has 10. ofthe 
lately difeo vered, that in a great many Places of the Veins, p?!™ 1 °f lht 
but efpécially where any Vein divides into two Branches, 

there are little Valves to be found, which are fo difpofed, 
as eafily to open and afford a Paffage to a Probe thruft 
into the Vein, and pufhed from th^ extreme Parts ofthe 
Body towards the Hearc ; but they will refift the fame 
Probe, if we try to thruft it theconrrary way ; viz. from 
íhe. ideare to the extreme Parts of che Body. 
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CHAP. YI. 

Ofhtbe Laüleal and Lymphatick Veins. 
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T H E S E two Sorts of Veins were then found out, when 
li ve Animáis w ere begun to be diffedted. And rhere 
i ¿lome Precaución neceílary in order to difeover them. 
For the Animal rnuft be made to eat two or three Hours 
Before the DilTeóbioil is perfórmed, otherwife the latteal 
Veins will be empty and not to befeen. 

2 . Thele Veins were firffc difeovered by Jjjelius> and he 
called them larteal, becauíé they are white and contain a 
white Juice in them : They fpread themíelves all over 
the Meientery, and mix themíelves with thofe Veins 
which they juft now faid were Branches of the Vena-Porta: 
And if they be priexed, we fee a Juice as white as Milk 
come out of them, ■ which they receive from the Inte- 
Tines, where we find the Extremicies of their very fmall 
Branches begin. 

We alío find íome Valves in them, as in the otber 
i-iihes nf the y e j ng 0 f t jj e g oc jy which are To ordered as to permit the 
white Liquor to run from the inteittnes, but not backa- 
gain to them. 

Reclptfcie fur' 4' ^ Phj'fician of my Acquaintance (Mr.JPecqt/et) has - 
trTuiTuJíd added to this Difcovery another kind ai Receptarte which 
theCbamui of i¿ fixed to the Vertebres a little above the Kidneys, which 
he has often fhown me ful! of a Juice like that the ladteal 
Veins are filled with. He aifo was the íirít that obferved 
a Duct w'hich goes along the Vertebras from this Recepta- 
de to che Place where the Subclaviary Veins join wich ths 
Vena-Cava. 

5 . As to the lymphatick Veins, we cannot certainly teli 
They are to be found, with 
a greatdealofTrouble, in theFlefh ofalive Animal. And 
thougb che Liquor coutained in them, looks very much 
like ' Orine, yet it is certain that ic has none of the Pro 
pérriesofit. Eor ifit be put upen the Fire in a Spooií,- 
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ir will grow chidc and hard like the white of an Egg, 

Urine‘ Will not do. 

6. We-iio not know all the Turnings and Windings of 
"the lyviphaiick Veins, ñor hovv they are difperfed : But we 
obíerve Valves in. them oixkred like thofe in other Veins. 

CHAP. 


Chap. 7. of N atural Philosophy. 

CHAP. VII. 

Of the fongue and falival Du$s. 



A LLj both Ancient and Modera, wbo have treated of T . of t be 
the Anatomy of human B odies, have confidér’d the F!bres °f tbe 
Tongue as a Mufcle : But it is buc lately that the Stru- Tm &“' 
dure of it was known. They who ia our Days have had 
both Curioíity and Induftry enough to make Enquiry into 
thisMatter, havedifcovered ina boy led Tongue, thatthofe 
of the Fibres compoíing it, which are near the Superfi- 
cies, reach all the Way írom the Root totheTipj and that 
thofe which are within, are placed in feveral Ranksalter- 
nately, in which lome of them go from Top to Bottom, 
and others go acrofs. W henee it folio ws, that by íbme or 
other of thefe Fibres contrading themfelves, the Tongue 
is moved all manner of Ways as we fee it is. 

2. The Spittle does not fall into the Mouth, by an in- »• °f ‘be 
fenfible Tranfpiration through the Pores of the Gums, as f‘ ,hvalD “ as ' 
all the Ancients thought : There has lately been dfíco- 
yered falival Duéls , which refemblqfmall Veins, and which 
end in the Infide óf the Cheeks. Thefe Du&s are large 
enough to put in a Hog’s Briftle without any Violence j 
but becaufe they are fubdivided into leífer ones which 
become infeníible, we know not where the Origin of 
thcm is. 

t 3-The Fluidity of the Spittle, will alone make it run The Rea - 
into the Mouth 3 but fometimes it falls in a greater A- fin nhy tbe 
bundance than at other Times : As, for Infiance, when 
we chew any dry Viduals, or any Viduals that are fome- ‘ Mouth . ' 
what hard : For then, every time we open our Mouth, 
and our Jaws remove further from each other, the Cheeks 
are ftretched and compreífed, fo that they fqueeze the fi- 
Uval Duéls, and forcé the Spittle out of them j And when 
the Mouth is fhut, and the Cheeks reduced to their former 
State again, then they are filled as before. 

4. Now becaufe the Cheeks are very much compreífed 4- why 
when we yawn, therefore a larger Quantiuy of Spittle than th ‘ Spittle 
ordinary muí! then fall into our Mouths; and fo we find 
by Experience, and that fo manifeftly, that if the falival our Meutht 
Duóls be very full, it fometimes flies out of our Mouths when 
to a confiderable Diíhnce. 
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C H A P. VIII. 

& 


Of the L UNGS. 

AFTER what has béen before faid concerning the 
Lungs, rhereis nothingfurther neceffary tobe known: 
but only to obferve bere, thac from that Part ofthe Mouth, 
where che Roots of the Tongue are, there defeends a 
certain Channel which is calied Arteria-afuera, which is 
divided into ío many Branches, that there is fcarce any 
Pare of the Lungs, be it ever fo fmall, but both they 
and thofe of rhe Arteria-'venofa , and Vería- arteriofa , extend 
themfelves to it. So that ic is not wichout Reafon, that 
fome have affirmed, that the Lungs are nothing elfe but 
a Texcure made up of the Branches of thefe three Sorts of 
Veffels 

2 The Arteria-afuera receives the Air which we draw 
in by our Brcath 3 and becaufe it confifts of a very hard 
and ftiff Membrane, it is always full of Air 3 and this is 
the Reafon why the Lungs are fo very light or weigh fo 
lirtle. 

3. The Viítuals and Drink cannot get into the Throat 
without pafíing over the Mouth of the Arteria-afpera 3 yet 
notwithftanding nothing can ordinarily get into this lattef, 
becaufe there.is a kind of Valve, which they cali the Uvn/a, 
which covers ic every time we try toi fwallow any Thing. 
And if it does at any Time happen that a fmall Piece of 
Victuals or a Drop of Drink do fall in 3 we are forced to 
cough it up again prefently. 

ís® m m m m m m m m m m m e® 

C H A P. IX. 

Of the LIVER . 

V 57 E do not find any íénfible Veffels in cutting the Li- 
’’ ' ver,- which is the Reafon why we affirm the Liver 
to be a Heapof innumerable Veins not to be perceivedi 
which the Vena-porta divides it felf into, and which feem 

to 
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to be difperfed in this manner, im order to meet again and 
communicate with che Hepati k Branch. 

2- The Liver, in the greateft Pare of Animáis, as Well 
as in Man, is of a reddifh Colour. Buc there are fome 
Sorc of Creatures whofe Liver is Green, others Yellow, 
and ochers of fome other Colour. ,1 

3. We obíerved a lítele before, that the Bag ofGall is 
placed in the lower Concave Pare of the Liver ; There is 
a fmall Tube which comes out of this Bag, and divides 
it felf into two Branc’nes, one of which bends back and 
recurns into the Liver again,- but the other which is call- 
ed the Meatus or Canalis Choledochus inferts it felf into the 
Beginning of the Inteftine called Jejunum , where it malees 
íhe Gall diftill through a Hole fo fmall that it is hardly to 
be perceived. 


C H A P. X. 

Of the S P LE EN, 

W E know nothing particular of the Sphen, but only 
that it is full of ver y grofs Blood, and that it has a 
Communication .with the Ventricle by Means of a fmall 
Duít which Phyílcians cali the Vas-breve • and with the 
Heart, and fome other neighbouring Parts by Means of 
fome Arteries and Veins. 

2. I faw a Dog once whofe Spleen had been taken out 
fix Months ; the Wound neceffary for this Operation, 
having been few’d up, healed by Degrees, and the Dog 
recovered his Strength again in Proportion ; fo that at laft 
there appeared no external Sign of any Inconvenience that 
the Dog fuffered for want of it. 
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C H A P. XI. 

e 

Of the Kidneys and Bladder. 

s. of th.i 'T'HE Subñance of the Kidneys feems to be of the 
tbc^iOdleys, * Natare of a very fine Sponge, and we fee in each 
l‘d of thd’r Kidney a certain Cavity which chey cali a Bajón , and 
which is always altnoíl full of Uriñe. 

2. It is alfo to be obferved bere, that each Kidney is 
placed at the Extremity of the emulgeñt and Artery Vem. 

3. The two Kidneys have a Communication with the 
Bladder by two very flender Ducts, called the Ureters, 
which are generally full of Uriñe, and where we fome- 
times find fmall Stones like thofe genera ted in the 
Kidneys : They are inferted into the Bladder fomewhere 
about theNeckof it, buc the Paffages whereby the Uriñe 
gets into it are ío fmaH that they cannot be. perceived. 
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C H A P. XII, 

- Of the Motion of the Blood, 

1. The o- í> ~jp H E Motion of the Blood is one of thofe Things which 
U"»" “f ‘ h e J- I f a id before could not be known by the Help of 
emcerui^the R ea f° n - And it is a famous Queítion amongft Phyíicians, 
Maimtfthe and what they are very much divided about ; viz. Vhhere 
Hhcd, ¿fe -Bi ()0 d ma de, and how it is moved : The Ancients, 
whofe Opinions the greateíl Part of our oíd Do&ors fol- 
low ftill, thought that all the Blood .cante from the Ljver} 
and becaufe only a fmall Pare of it goes into the Vena- 
porta, and from thence into all the Branches of it ; there, 
fore the greatelt Part ofit, paífes into the Vena-cava and 
fo intoalí the Branches belonging to it; but in fuch a Man- 
ner, that át the coming out from the Liver, a confjdera- 
ble Quanticy of it, turns about and enters into the right 
Cavity of the Heart , wbere it is divided into two Parts, 
xme of which runs ebrough the Vena-arteriofa into the 
J-;ungf> and the orher through the Medmm-feptuvi into the 
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left Cavity ; where, they fay, it is converred into arterial 
Blood or vital Spiriis,- wbich is carried into che Luñgs by 
the Arteria veñofa , and all ovcr the Body by the Arteria 
magna and ics Branches. 

2. According to this Opinión,, the Blood always moves That the 
from the Middle of the Body to the extreme Partsi with- fJffZthZú'- 
out ever recurning back again ; And lince it is afferted, pmlon of the 
that it advances forwárd only in Proportion as the Parts ^ndents 
get out of the Veins and Arteries to nounfh the Animal; 

it follows, that the Motion of the Blood muft be very 
ílovv. 

3. This Opinión was received from theAncients, with - 

out any Proof, at a Time when no Body fufpedred that this Opinión. 
the tirft Philofophers were capable of any Miftake : But 
íince we do not fabmit ib blindly to Authority in fuch 
Matters as thefe, we find that this Opinión is only mere 
Imaginadon without any Ground, and that it ought to be 
utterly rejedled : For beíides its making the Blood país 
through the Septum of the Heart, where there does not 
appear to be any feníible Pores, and where we find by 
Experience, that neither Air ñor Water will pafs through,, 
it does not at all agree with the Pofition of the Valves 
which are at the Entrance of the Arteriá-venofa, and a 
great many other Places of the 'Veins. Not to fpend any 
further Time therefore, ñor to amufe our felves in confu- 
ting this Opinión, I inali content my felf with endeavour- 
ing to eftablifli another Conjeíture, the Reaíbns for which 
appear to me ib plaufible, that I hope there will be no 
Difficulty in admitting it, when weiiave once been at the 
Trouble to examine it. 

4. If we remembertheDifpoíitionof the Valves which tfie 

are at the two Holes of the Heart, where the Vena-cava inZlhfneirt 
and Arteria-vénofa end; we ihall fee, that thefe two' Vef- from the v e - 
fels being always full of Blood, there muft neceíFarily flow ZZtcliZ - n<i 
out of each of thefe one great Dróp of Blood, into each m f a . 

Cavity of the Heart when it is empty. 

y. Thefe two Drops being dilated by the Heat which > That the 
is in the Heart, which is greater than in any other Part 
of the Body, as we find by Experience, endeavour to go ComtUs of 
out at the Holes which are in thefe two Cavities ; but be- ZZthZr'”' 
caufe they cannot get out at thofe through which they arleriofZZná 
entered in, they themfelves ftopping up the Paífage Aorta. 

,that Way by preffing againft the Valves at the En trance ; 
therefore they muft go out at two other Holes where 
they can open the Valves:, And tbus almoft all the Blood 
which is in the right Cavity, paíTes into the Lungs through 
R 4 ths 
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the Vena-arteriofa, and almoft all that which i s in the left 
Cavity paílés into the Aorta. 

th ¿- That 6. The Blood which is thus got out of the Heart can- 
al 'odaZU noC enter in again, becaufe the Valves are fo placed that 
t,nt of the Ve- it ftops up the Pafíage it felf. Wherefore that which re- 
"ArtcrC v” d ma ‘' ns In ^ Cavities of the Heart, being no longer able 
mfa inte the 1:0 prefs againft the Valves which are at the Holes where 
Cavities of the Vena-cava and Arteria-ver.ofa end, there muft again 
the Heart. p a j¡ in ¡- wo or ¡-, er g re at Drops of Blood, which dilating 
themfelvesas the formen go the fame Way as they did. 

7 . That the 7 . Now in Order to.fee bow it is poffible for this to 
^Kt^ofthc* cont ’ nue buring the whole Life of the Animal, we 
Jirte'ries into muft confider, that every Time the Vena-arteriofa rece ives 
¡h¡ Veías, the Blood that is newly dilated in tbe right Cavity of the 
Hearrj this Blood impelís that which the Vein was filled 
with before, fo as to make it diícharge fome Part of it 
felf into the Artevia-vemfa, which it palles into not only 
through thofe viíible Anaftomoies, which we mentioned 
juft now ; but alio through an infinite Number of infenfi- 
ble PaíTages, which are at the Extremicies of the Branches 
of the Vena-arteriofa , and which end at the Branches of 
the Artería-venofa. So ¡ikewife we muft confider, that 
every Time the Aorta receives the Blood that is newly 
dilated in the left Ventricle of the Heart, this Blood 
prcffes upon that which it was filled with before, and 
malees it diícharge part of it felf into the Branches of the 
Vena-cava, which it gets into through fome Anaftomofes 
that are viíible, and through an infinite Number that are 
ínviíible. 

3 - °f ,he 8. This being fo : The Blood which is in the Veins moves 
the'bhód! f rom the extreme Parts of the Body towards the Heart, 
which it enters into through the Vena-cava which dif- 
charges it felf into the right Cavity of the Heart ; from 
henee it goes into the Vena-arteriofa, then into the Arte- 
ria-venofa, and from thence into the left Cavity of the 
Píeart, from whence ítis carrjed to the extreme Parts of 
the Body, through the Trunk and Branches of the 
Aorta, the Ends of which are United with thofe of thq 
Vena-cava, fo that thefe latter fend the Blood back again 
jto the Trunk belonging to chem, which afterwards 
difeharges it into the right Cavity of the Heart. And thus 
that famous Circulation pf the Blood is made ; for the 
Difcovery of which we are obliged to Dr. Harvy. 

9 . Thet tte 9 . Having thus leen, that che Circulation of the Blood 
Cmsdatimtf ¡ s a necefDry Confequence of the Difpolicion of the 
utfomíd fy Veffels, which confína it j there are cwo very ftrong 

Arguments 


Chap. 12. of Natural Philo^ophy. 2 65 

Argutnents by which ic may be furtherconfirmed. Firft, tkt Expcf 

if the Skin of any live Animal be ripc in any Pare wbere 

there is a pretty large Vein, and this Vein be fo freed 

from the Fleffi that is about it, as ic may be tied clofe 

up by a Thread going round ic ; we (hall fee thac Pare 

of the Vein, which is becwixcthe Ligature and i>e Heart, 

grow empty ; and on the contrary, thac Pare which is be- 

t.vixc the Ligature and the extreme Parts of the Body will 

fwell. And if this Vein be pricked, or if it be cut in 

tv/o, betwixt the Ligature and the Heart, there will 

come out but very lictle Blood ; wKereas if it be only 

prickcd betwixt. the Ligature and the extreme Parts of 

the Body, there will come out fuch a Quanticy of Blood 

that the Animal may die; Which is a certain Sign that 

the Blood does not move in the Veins/tw» the Middle of 

the Body to tbe extreme Parts, as the Ancients thought , 

buton the contrary, that it moves from the extreme Parts 

of the Body to the Middle. 

10. It is eafy to fee that what is thus done in Beafts, is Io . 0 f t r,e 
in like Manner, donein Men, if we confider the Method of 

letting Blood. For fin ce the Surgeons are obliged to tye 
up the Arm, in Otder to make the Blood come out 
of the Vein at an Orífice below the Ligature ,• we can- 
not reafonably think otherwife, but thac the Ligature, 
which the Arm is tyed with, by compreffing the Veins, 
but not compreffing in the fame Manner the Arteries, 
which are not fo fupple, and which lie deeper under 
the Skin, will permit the Blood to run along the Ar- 
teries of the Arm, from the Middle of the Body to the 
Ends of the Fingers ,• but that it will not permit it to 
xeturn again from thence fo freely, through the Veins to 
the Middle of the Body, becaufe this Ligature it felf 
ftops it, fo that the Blood is forced to go out at the 
Orífice they make. 

11. And this will appear ffcill more evidently, if we con- u.wfy 
líder that, when the Arm is bound up fo hard that the /»««<»« tbt 
Arteries are compreífed, it is impoffible to get any Blood 

out at the Orifice of the Vein, wichout firft loofening hojenrd, 
the Ligature, in Order to give Room for the Blood to íW tbeEiocd 
ijioye in the Arteries beneath. may ame mt. 

12 . Another Argument which confirms the Circulad- n.Ano- 
on of the Blood, in the Manner we have now deferí- thír ^ r ¿ u - 
bed ,• is an Experimenc made in fome of the Veins !° je c!r _ 
which are juft under the Skin, and are the moft vifible cuUtímo/the 
ofall. If' we take any fingle Branch of one of thefe 2,w - 
Veins, as for Inftance, one of them which are on the 

Back 
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Tab. xvi. Back of the Hand, which is here reprefented by AB, 
3 ’ of which A is the Pare furtheft diftant from the Heartj 
and where two Branches unite in one.; and B the Parí 
neareft the Heart, and where the Branch divides agaiii 
into two^other,- If, I fay, we prefs the Vein at A wirh 
the End óf one of our Fingers ib as to ftop the Blood, 
and at the fame Time ílide another Finger along the 
Vein AB, to drive the Blood towards CC, - then the 
Vein AB will be emptied and difappear.; neither can 
the Blood be made to get again into it by moving the 
Finger from C to B, becaufe there is a Val ve at B which 
ftops it. Buc that which evidendy proves fuch a Cim- 
lation of che Blood as w j e have deferibed is this, that if 
the Part B be.preííéd with the Fingen fo as to hinder any 
Blood going towards the Heart from B to A, and the 
other Finger be takeh off from A, you will have the Plea- 
íhre, to fee the Branch AB filled immediately with Blood, 
and the Blood will moVe from A towards B, that is, 
from the extreme Parts of the Body towards the Middle, 

■ 13, a De- 15. There is a particular Demonñration of the inviiible 
-f-- Aiaf orno fes, or Communication between the Extremities 
jíomcfesofthc of the Arteries' and the Extremities of the Veins. If the 
Vcm¡ and Breaft of a live Animal be cut open, and the Aorta tyed 

uirtents, U p at two I nc b es Diílance above the Heart, and then cut 

in Pieces betwixc the Ligature and the Heart ; the Con- 
fequence will be, that noc oaly all the Blood in rhe Veins, 
but that in the Arteries alfo will in a very little Time run 
out at that Hole- in the He3rc whereby the Blood ufes tó 
pafs out of the left Cavity into the Aorta: Which it 
could not do, if thé Extremities of the Branches of this 
VeíTel, had not a Communication with the Excremities 
of the Branches of che Veins. 
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C H A P. XIII. 

Of the Pulje , or Beating of the Heart and Arteries, 

1 . That the 'T' PI E Beating or Motion of the Heart and Arteries, 
Motiouoj the i. which is called the Ptilfe , is fufficiently known by 
5r«neT¿- Experience the Diíficulcy lies in finding but how it ¡ s 
pmd r.fon the done. But becaufe this Motion is norhing elfe but a Sort 
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of Dilatation in the Heart and Arteries , which is made 
regularly, and in- fuch Meafure, that the Arteries beat 
neitherfafter ñor flower than the Heart ; I can’t but tbink, 
that both the one and the other depend upon the fame 
Caufe, and that this Caufe is no other than the Alteration 
of the Blood made in the Heart. * 

2. It is probable therefore, that every Time any Blood 2. a» the 
gets into the two Cavities of the Heart, this Blood mixes 

with that which was before left in ir, which ferves like ‘ “ í<:u ™' 
Leaven to malte it dilate all at once; by which Means, 
the Heart it felf is alfo forced to dilate and grow broader : 

After which, when the greateft Part of the Blood which 
was in thefe Cavities goes out, viz,. that of the right Ca- 
vity, into the Vena-arteriofa, and that of the left Cavity 
into the Aorta ; then the Heart relaxes and grows 
¡ong again; and it is in this continual Alteration of the 
Figure of the Pleart that its Beating con fifis : And as to the 
Arteries ; their Motion confifts in this, thac they fwell up- 
on receiving frefh Blood from the Heart ; and return to 
their firft State again immediately upon the Blood’s lofing 
its Forcé and Agitation. 

3. Not that I am unwilling to confeís, that the Heart is That 
difpofed, by the Fabrickof it, to dilate and contradi it felf theFMckof 
another Way : For it being compofed of two Mufcles, it is ^ninítei te 
reafonable to think, that they exercife their Power alter- m¡! 
nately, thatis, the Animal Spirits pafs by Turns outof one 

Mufcle into the other. However, I am of Opinionthatit 
is the Dilatation of the Blood in the Heart which regulares 
their Power ; becaufe the Heart dilaces it felf quicker or 
flower, according as the different Qualities of the Blood, 
malte it capable of a quicker or flower Dilatation. 

4. This íecond Caufe of the Motion of the Heart, being 4. Wh y tu 
fuppofed ; it is no more ftrange that it íhould fometimes H ' art . tc ? ts 
beat, after it is taken out of the Body of a live Animal, “/the 
than that a Bell fhould continué to move, after we have ¿w^ «/ m 
letgo the Rope ; Neither can there, I believe, be any o- 

ther Reafon given for it than this. 
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C H A P. XIV. 

What ‘Tune the Blood circuíales in. 

B Y reckoning very nearly the Quantity of Blood which 
palles intó the Aorta at every beating of the Heart, 
and by determining alfo the Quantity of Blood which 
there is in the whole Body ; we may find how long Time 
it takes to finifh one Circulation, by fome fuch Wayof 
Reafoning as this. Firít then, I am of Opinión, that e- 
very time che Heart beats, ic throws a Drachm of Blood 
into the Aorta, which is ’the leaft, I think, that can caufe 
a fenfible Dilatation in all the Arteries : This being fup- 
pofed, I count how many times my Pulfe, and confe- 
quently my Heart, beats in a minute of an Hour, and I 
find it beats fixty four times, that is, chree Thoufand eight 
Hundred and forty times in an Hour : Whence I con- 
clude that there palles through the Heart every Day, nine- 
ty two Thoufand one Hundred and fixty Drachms of 
Blood, which make eleven Thoufand five Hundred and 
twenty Ounces, or feven Hundred and twenty Poundsof 
Blood. Wherefore if I-had fo muchin me, I fhould con- 
dude that it circulated once a Dayj but becaufe I am of 
Opinión that there is not abo ve ten Pounds of Blood in my 
whole Body ; I conclude that in twenty-four Hours, it 
palfes feventy-two times through the Heart, and confe- 
quently the whole Blood circulates three times in an 
Hour. 

2. But it is very manifeft, that if more or leís Blood 
than I have fuppofed, goes out of the Heart at every Beat- 
ing, if the Pulfe be fafteror ílower than Ifoundmine tobe 
by Experience, or if the whole Mafs of Blood be not juft 
ten Pounds as í imagine it to be ,• there will be found a 
different Numberof Circulations in an Hour, than what 
I have laid down ; fo that the Calculation now made, ferves 
oniy for an -Example to make others by. 
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CHAP. XV. 

O/ - natural Heat. 


T HE R E is a certaín Heat in us which is not traníi- T - What 
ene, like that impreííed upon inanimate Subjeds by n .“‘ nral Het *- 
Pire, but wliich continúes in the Depth of Winter, and 
lafts as long as we live,- this is what we cali natural Heat : 

Concerning which there have been cwo Things which Men 
have always been follicitous to enquire into. Firíl, What it 
confifts in ¿ and fecondly, How it is communicated from 
the Heart, which is as it were the Center of it, to the 
molí extreme Parts of the Body. 

2. It feems to me moíl probable that natural Heat owes *■ ™ h . át A 
its Original to the Blood, and is pretty much like that we con ^ is 
mentioned in the firít Part of this Treatife, which ariíes 
from the Mixture of two Liquors ; for Inílance, of Oyl 
of Tartar and Tdyl of Vitriol. For after the greateíl Pare 
of the Blood which is rarified in the two Cavities of the 
Heart, is got out through the Vena-arteriofa and Aorta j 
that lictle Blood which ftill remains in thoíe two Cavities, 
and that new Blood which comes from the Bags or Ears 
of the Heart, are like thefe two Liquors, and one of 
them ferves as Leaven to the other, to dilate and heat it. 

3. As a Confequence of this, itisevident; that the Heat 3 . it 
communicates it felf to all the Parts of the Body by the 
Blood which comes to them perpetually from the Heart 
through the Arteries. Thus we perceive the Heat to be 
proportionably greater, when the Pulfe of the Heart and 
Arteries is quicker, and the Blood has not time enough to 
cool, becaufe it is fo foon carried from the Middle of the 
Body to the extreme Parts. 
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C H A P. XVI. 

1 Of Nourifiment and G.rowth . 

A LL the Parts of our Bodies, except the Bones, being 
very íoft j ir feems to me veiy reafonable to thiqk 
Chat they are conrinually wafting, and that chis Wafting 'is 
increafed by the feveral Motioas of our Members, and by 
the Adición of thofe excernal Things which furround us: 
Yet we can fcarce perceive any ieníible Diminución ¡n 
our Bodies, efpecially if we be in perfedt Health ,• nay, 
we fometimes find, on the other Hand, that they increafe 
and grow bigger.in a very little Time : Whence we muít 
éa fily.be convinced, that fome new Subffcance muft come 
into tke Place of that which we are conrinually lofing, aod 
that this contribuces to our growing bigger. Thus we 
fee, that if any fmall Hurt happens to almoft any Parto! 
our Bodies, they heal, as itwere, of themfelvesj and that 
when' any fmall Part of che Skin or Flefb dtfes, and comes 
off from the Body, anotner comes in its Room, and the 
Part which was hurt, becomes at laft like the other Parts, 
or like whac it felf was before. 

2. When the Particles which are changed into the 
fame Nature .as our Body, make it onl'y to continué in 
the fame State, this is called Nytritmi j but when they 
are applied in fo greac a Quantity, and are of fuch a Sort, 
that they increafe the Bullí of it, this is called Growth. 

3. In order to explain how this Alteration is madey all 
the ancient Phyficians, and fome of the modera ones, 
who hold that Opinión concerning the Motion of the 
Blood which we have confuted, teach 3 that the Blood 
when ic is got to the Extremiries of the Branches of the 
capillary Veins, comes out of them and changes it felt 
into a kind of Dew, which afterwards thickens, like mo- 
derately thick Glue, and rhen the feveral Parts of the Body 
divide it amongft themfeives, every one atttgóhing to ic 
felf that which it warits, and converting it into itsown Na- 
ture. Thus the Fiefh attradhs one Part, which it turns 
into Flelh, and the Bones anbther Part, which they con- 
yert into Bones, and this they do by an occult Vertue, 
which they cali the Attraftvve or ajjimtlatmg. Vertue. 

4. But 
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4.. But íínce this Opinión appears concrary to Reafon ; 4 - Whmi*. 

becaufe it does not at all agree wich what was above de- 
monftrated concerning the Circulation of the Biood ; ñor 
does ic in the leaft explain how the venal and arterial 
Biood are converted into Dew, and then into Glue; and 
becaufe it fuppofes, that every Part of the Body is endued 
wich an attraílive or affimilating Vertue , which» is what I 
do not at all underftand ; therefore I think my felf obliged 
to enquire after another Explication of this Alceration. 

5. In order to which, we need only to conüder in what y. b¿» 
State the Biood is when ic comes out of the Heart to fill 
the Arteries : For it being then very mucb thinned and 
dilated, and impelled all Ways witb great Violence ; w e firm’d. 
cannoc but think, in the firít Place, that fome fmall Part 
of that which runs into the capillary Arteries, gets out of 
them through an infinite Number of Pores, which are in 
the Skins of which they are compofed, and which open 
themfelves at every Pulíe ,• Further, if we coníider alfo, 
that thefe Pores are fo ftrait, as not to fufFer freely all 
the Parts of the Biood that go through them to move all 
Ways indifferently ; we-lhall conclude, that they are car- 
ried but one Way only; fo that by following one another 
and at the fame time toucbing each other, they compoíe 
not a liquid, but fmall Threads only, like the Fibres of 
Flefh : And thus Nutrition is made, when that which 
waftes at one Extremity of the Fibres of the Flefh, is re- 
paired by an equal Quantity of Matter joining or uniting 
it felf to the other Extremity, and impelling or driving che 
Fibres before it ,• And Growtb is performed, when more 
new Matter is added thanis wafted away of the oíd. 

C H A P. XVII. 

Of the Animal Spirits, and of the Motion of the 
Mufcles . 

"DES ID ES thoíe íeníiblc Parts of our Body which we r. That 
have taken Notice of, there is yet another Sort of íAer f afe . 
Matter not to be perceived by the Senfes, which is like e '' 

very fine and much agitated Air, and which Pbyíicians 
all Animal Spirits. Thaf there are fuch cannot be doubt- 

ed. 
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ed, if we confider, Chat a greac many Parts o f our Bodies 
wi!l fwell all on a fudden, where chere is not che Ieaft Suf- 
picion of che Blood running in co produce lo quick an 
Effect : Now chis cannot well be aferibed co any Thing elfe 
buc co a very fine and very much agicaced Maccer. 
a. The 2. Th^ Andenes thought, chac che Animal Spirits were 
DoBritu of mac j e out of fome of the Arcerial Blood, which gecting 
chrough che Carótidas into the Brain, chey imagined thac 
spirits reas the Subftance of che Brain had a Power co convert this 
dffefihc. Blood into Spirics. Buc wé muft acknowledge chac chis 
Doctrine is very obfeure and defedtive, becaufe ic does 
noc íhow us what chis Power confifts in, ñor what the 
particular Nature of thefe Animal Spirics is. 
thc 3. Thac we may make this matter more intelligible, lee 
JñimlT Spi- us confider, thac the Blood being heated and dilated in 
rits are pro. the left Cavicy of the Hearc j fome of its Parts, by dafhing 
! thaftle ‘"‘ d a&úñft eac fi other, muft be made fubcler in fuch a manner, 
•Brain ferves and acquire fuch Sorc of Figures, as will enable them to 
<mfy to fepa- m0 ve more eafily chan others, and to país through fuch 
frmtlTreji Pores as the other will noc pafs through. Thefe moft 
oj che Blood. fubde and moft agitaced Pares come out of the Hearc a- 
long wich chofe which are noc fo fabtle ñor fo much agi- 
taced. And the Difpoficion of che Aorta is fuch, thac 
vvhacever goes out of the lefe Cavicy of the Heart tends 
direftly to the Brain ; buc becauíe there is a very greac 
Quanticy of chofe Partióles, and becaufe the PaíTages of 
the Brain are too ftraic to receive chem, therefore che 
greateft Pare of them are forced to tum and go another 
Way ; and the fineft and moft agicated Partióles only can 
encer into che Brain, where chey are madeftill finerand fe- 
parated from thofe which are not fo fine. Now it is thefe 
Partióles, which are made thus fine and feparaced from the 
groííer Partióles, thac they cali Animal Spirits, to the produ- 
cingof which che Brain no otherwife conduces, buc only 
like a very fine Sieve, chac feparates the fineft Flower from 
the Coarfe. 

4. What 4. After we are once convinced that there are Animal 
the Motive Spirits, and are aífured chac the Brain is the Receptacle 
con- ofr them j there 1S uoching obfeure in what they cali the 
tijilin. motive Facuity or the Principie of the feveral Motions of 
the Members : For it is eafy to apprehend, that when 
either che particular Figure and Agitación of the Partióles 
which compofe thefe Spirits, or the external Objecfts which 
affeft the Órgans of our Senfes, or our own Inclination 
to fuch or fuch Motion, determines into what Nerve thofe 
Spirits fhall enter racher chan into any other 3 they will 

fooner 
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fooner enter into that particular Ncrve than any other ; 
wbich coníéquently, from the common Strudhure of all 
tbe Mufcles, will fwell and grow fhorter, and then the 
Te?idon muft draw up that Pare of the Body to which it is 
fixed j and in this manner it is that our Members are mo- 
ved. » 

5. Ñor is it neceffary, that every Time we move any !• That 
one of our Members, the Brain fhould iend a large Quan- M 

tity of new Spirits into the Mufcle which ferves to pro- spmuregai- 
duce this Effeót : For each Member being capable of be- re f l ff ll í '” y 
ing moved two contrary Ways, by the Mufcles calied Án-ASim™ 
tagoriips, we muft think, that when the Mufcle which 
ferves for one of the Motions, ceafes to a¿t ; the Spirits 
which fwelled it, pafs into its Antagoníft by a Du<ft com- 
mon to them both, and ib helps to move the Member: 

And in order hereunto, there is no need of any more 
Spirits flowing from the Brain, than is neceffary to open 
and íhut the Paffages of this Du£t conveniently, and to 
fupply thofe Spirits. which are fo attenuated by continual 
Agitation, that loíing the Nature of Spirits, they fly oíF 
through the Pores of the Membrane in which each 
Mufcle is contained. 
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CHAP. XVIII. 

Of RESPIRACION. 

TF to what was obferved in the fifft Part of this Trea- i. How 
tife, (namely, That Refpiratioti dependí upan the Áíiion R-firnticn ¡j 
of the Mufcle r of the Breafv and lower Belly , which by fwel - P‘ r f orm “ l > 
ling or making fat the Body , maküs the Air to ejiter m or go 
oet • ) we add, what was now faid concerning the Aftion 
of the Mufcles ; we fhall have cleared all that one would 
defire to know upon this Súbjeift. 

2. However, I cannot omit one Particular, which Wty 
thoughof no greatMoment, is yet worth obferving; and ffff'L n- 
that is, that when our Mouth is open, we can at Pleafure, pertj roe c^n 
either breath through our Noftrils without breatbing b f cath «- 
tljrough our Mouth, or breath through our Mouth with- \‘"x m»™» 
out breathing through our Noftrils. Now in order to fee Nojirils. 
the Reafon of chefe two JSffects, we muft obferve, that 
Vol.IL S the 
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the firft depends upon this, that we can fo draw back our 
Tongue tro die Bottom of our Mouth, as to hinder the 
Air from entering into the Lungs that Way, as much a? 
if the Mouth were quite fhut ; and foit is forceó to enter 
in through the Noftrils, The fecond depends upon this, 
that we can make íbrae Pieces of Flefh, which are at ihe 
Bottom of the Notlrils on the Inñde, and which arelike 
Muleles, come fo cióle cogether, that the Air not being 
able to get into the Lungs that Way, is forced to enter 
in by the Mouth, 

3. The Neceftky of Refpiration appears fufficiently in 
moft Sorts of Animáis, which die if it be ftopped for any 
tíme i And for the Ufe of it, itis very probable, that the 
Air, by getting into the Arteria-afpera , cools and conden- 
fes the Blood which runs along in the Branches of the 
Arteria-venofa, in order to make it fit Fewel for that Sort 
of Fire which isin the- left Cavity of the Heart, and that it 
niay be there dilated again : And this fame Air, when it 
comes ouc of the Body and the Lungs, brings along with 
mcercain Parts which are purged off from the Blood as 
it runs in the Branches of the Vena-arteriofa , and Arteria- 
venofa, which are as it were the Smoak or Soot of the 
Blood. 

4. lnfants don’t breaeh at all whilft they are in their 
Mother’s Womb ; and the Blood which is once heated 
in the right Cavity of the Heart, not being cooled by Re- 
fpiration, cannot be proper to nourifh that Fire which is 
in the left _ Cavity : Wherefore Mature has provided a- 
gainft this, by fo ordering it, that the Blood when it is 
once heated and dilated in the Heart, fhould not enter into 
it again, except perhaps in a very fmall Quantity : For, 
the greateft Part of the Blood which goes out of the 
right Cavity of the Heart, paífes immediately out of the 
Trunk of the Vena-arteriofa into the Aorta, whilft other 
Blood to fupply the Defeóh of this, pafles immediately out 
of the Vena-cava into the Trunk of the Arteria-venofa , 
from whence it flows into the left Cavity of the Heart 
and is there dilated. 

5. The Holes or Channels through which the Blood 
paffes in this manner in Children before they are born, 
are ftopped up by Degrees after they are born - y becaufe 
they being then able to reípire, the Blood which comes 
out of the right Cavity of the Heart, is fufficiently cooled 
and condenfed before it enters into the left Cavity to nou- 
rilh the Fire which is there. The fame Thing bappens to 
the greateft Pare of Beafts ; whereas in Men, for want of 

Ufe 
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Ufe, thefe Channels are ftopped up, ío thac in fix Weeks 
or two Months after they come into the World, there does 
ijot appear any Hole or Ducts at all. But becaufe tbere 
are fome Animáis, fuch as Ducks and Cormorants, wbich 
will fometimes continué a long while under Water, where 
they feek for Food, and where they cannot 'breath • in 
fuch Creatures, the Holes now mentioned are not ftopped 
up, but they make ufe of them all their Lives ; wbich is 
owing either to their conftant ufing of them, or elfe to 
the particular Nature of fuch Animáis, wbereby it is har- 
der for them to clofe and be ftopped up. 

6 ■ And perhaps thofe famous Divers amongft the Anci- 
ents, concerning whom Hiftorians relate, That they continued 
•wbo/e Hours under the Water to the Admnatwnof all, were 
of fuch a wonderful Conftitution of Body peculiar to 
them, that their Blood kept open thofe Paffages, that it 
might run in them when there was Occaíion, as it did 
before they were boro, and as it does in the Bodies of 
Ducks and Cormorants. 
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CHAP. XIX. 

Of Waking and Sleeping . 

HAT which Experience principally teaches us con- 0 f Wa- 
■*- cerning Wakbig-, is, that we are then in fuch a State, k '»<? ?ni 
as to hear the Words of thofe that fpeak to us, to fee 
the bright Objeífs that are before our Eyes; in a Word, 

\ve then perceive, in all the feveral Ways that we are ca- 
pable of perceiving, when any Objetfts a¿l with fufficient 
Forcé upon the Organs of our Senfes. To which we 
may add, that we can then move our Bodies alfo feveral 
Ways juft as wepleafe. And Skep, we find by Experience, 
to be a State oppoíite to this, in which the common A£ti- 
ons of external Objeíts upon the Organs of our Senfes, do 
not raife any Senfation in us, and during which our Bodies 
appear to be at perfeót Reft. 

2 . In order to account for thefe two States, it is fuffi- í.matfc* 
cient to coníider, that Waking coníifts in this ; that the 
Animal Spirits being at that Time in great Plenty in the c °" 1 1 
Brain, and capable of being eafily determined to run from 

S a thence 
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.thence through all the Nerves, they fill them in fuch a 
manner as to keep all the Capillaments of them ftretched, 
and diftincb from each other. Fon upon this Suppofition* 
it is eafy co apprehend, chai; if any Objedl affedts any Pare 
of our Body, the Capillaments of the Nerves which end 
in this Partp can tranfmit the Imprefíion which they re~ 
ccive, to that Place in the Brain which immediately excites 
ia Seníation in the Sonl. It is alfo eafy to conceive, thac 
the Animal Spirits, being then fent into íeveral Mufcles, 
make the Parts of the Body into which thofe Mufcles are 
inferted, to move feveral Ways. 

3. Ivhat 3. A State of Sléep being oppofite to that of Waking, 
Siccp amjifn ¡ n order to determine what it coníiñs in, we need only 

fuppofe a different Difpoíition in the Brain from that which 
caufed Waking. And as that confifted in the Quantity of 
, Spirits ; the other, for the contrary Reafon, ought to be 
caufed by a Scarcity or Failure of Spirits ; fo that the 
Pot es of the Brain, through which the Spirits ufually run 
into the Nerves, not being kept open by the continual 
fiowing of the Spirits, lhuc up of themfelves. The 
Confequence of which wili be, that the Animal Spirits, 
which wete in the Nerves before, being diffipated, 
and no new oríes fiowing in, the Capillaments of the 
Nerves will become ílack and íbft and cleave to each other. 
And if at that time any Objedt makes an Imprefíion on any 
Part of the Body, thofe Nerves cannot tranfmit it to the 
Brain 3 whence it follows, that there can be no Senfá- 
tion: Further, the Mufcles, which are then voidof Spirits, 
being relaxed, are ofno ufe to move the Members into 
which they are inferted ¿ ñor can they any more contribute 
to keep the Body in any particular Pofture, than if they were' 
entirely deftroyed. 

4 . Hom 4 . Xhe Cloíing of the Pores of the Brain, which 
mimury, * are r ^ e O r ‘fi ces of the Nerves, and confequently Sleep, 

follows neceífarily from any great Lofs of Spirits: But if 
there be a íufficient Quantity of Spirits in the Brain which 
may be employed, if we make but a fmall EfFort, to the 
Adtionsof Waking, and wedo not employ them ,• the Be- 
ginning of fuch Sleep may be faid to be voluntary. For 
thus we fee, that a Perfon who finds himfelf difpofed to 
Sleep, can forbear Sleeping for fome time, if he will, by 
applying himfelf intently upon doing fomething, and em- 
ploying his Animal Spirits, which otherwife would be im- 
ployed another Way, to Aótions which ferve to keep 
kim awake. 

5. Since 
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'5. Since the Animal Spirits are in very great Agitation, s- Wh«e 
it is eafy to imagine, thac if they are noc employ’d i n &™»™rmbj 
keeping us awake, but remain in che Blood, they muft S 
increafe the Agication of its Parts. And becaufe the In- 
creafe of the Heat of the Biood and of that of ail the 
Members, confifts in thisj it follows, that if v>e fleepin 
a Bed in the Depth of Winter, we grow warmer than if 
we keep our felvés awake. 

6. It may happen, that while we. are aíleep, lome of the' Th e 

Animal Spirits which are in the Brain, may fhake fome of the °f 

Parts of the Brain, in the fame manner as they would be Dream ^ 
fhaked by an external Objedt affedting the Senfes of the Bo - 

dy. And in chis Cafe, there will be a Senfatjon raifed in the 
Soul, and fuch a Sort of Perception as we cali a Dream, 

7. And becaufe thofe Partsof the Brain which are ufed 7. Whyv? 
to be fhaken by the Action of fome external Objecft upon a í v " jjf.f" 1 
them, are more eafily agitated than thofe which are al- 

ways at reft ; therefore thefe are eommonly put in Mo- *«/<« 
tíon by the Animal Spirits when we are aíleep ; which mhcn aau,Ií ^ 
is the Reafon why we fe arce ever dream of any Thing in 
our Sleep, but what we have leen when awake. 

8. And becaufe that greac Variety of Objedts which we g. why 
have taken Notice of in the Courfe of' our Lives, hath Dre “ m ¡, ar L 
agitated the Parts of the Brain in very different Mannersj 

it would be a Wonder, if in our nightly Dreams, the A- 
nimal Spirits fhould at any Time move them otherwife than 
as if partly one Objeft were prefent, and partly as if ano- 
ther were prefent ; And thus the Perception raifed in the 
Soul, may fometimes be theHead of a íyon upo?i the Body 
of a Goat • thac is to fay, it is very hard for our Dreams 
to be at any time regular and orderly. 

9. The Nature of Sleep being fuch as we have now de- w «- 
feribed ; it is evident, that it may be interrupted, if any 

of our Órgans of Senfe be fo fhaken, that the Impreííion site?. 
madeuponit, excends to the Brain: For in this Cafe, thofe 
few Animal Spirits which remain in the Brain, and thofe 
which flow thicher without Interrupción, may beemploy’d 
to drive away Sleep. 

xo. But if no Gbject fhould a£t thus ftrongly upon the I0 - -¿wthi r 
Organs of the Senfes, yet Sleep muft neceífarily end after C ^íhffr^ 
a certain Time. For the Animal Spirits which are pro- Sleep. 
duced in Sleep, will in Time become fo plentiful, that 
they will be able of themfelves to open the Orífices of 
the Nerves, and to fill them fo mu.ch as is neceífary to dif- 
engage the Capillaments, and make them occafion the 
Soul tp feel Objects which touch the Body, Thus a Man 
S 3 . 
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that is aíleep in his Bed, may be awaked by the Senfation 
which is raifed in him by the Hardnefs of the Mattrefs on 
which he lies, or by the Sheetsbeing ruffled ; or, asit very 
ofcen happens, by the Senfation or Motion which we may 
have togo to Scool. 
e 
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G H A P. XX. 

Of the ConcoElion of ME AE. 

i. That the Q I N C E fome Part of the Blood is perpetually con- 
^ ^ verted into Animal Spirits, as was jaffc now explained; 
°Food. ‘ ‘ and a much more coníiderable Part is emploved to nourilh 
or augment the B.ody, i: muft neceffarily at laft be all 
dried up, if there were not a Supply of new. Fur- 
ther, every one knows, and the continual Appetite which 
we have for Food, does moreover íhow, that it is that 
which fupplies this Lois, and furniíhes this Want, by be- 
ing changed and converted into Blood ; but it is not to ea- 
íy to tell how fuch a wonderful Change is made. 
a. The 0- 2. Daily Experience teáches us, that after the Vidriáis are 

“¡ the in a grofs Manner ground, bruiíed, and divided by the 
bmiCmcaai- Teetbj and moiftened with the S piule, they go down into 
en. the Stomach, where they continué to be divided into ftill 

fmáller Parts. This fecond Divifion, which fo alters the 
Condition and Form of the Food that we don’t know it 
again, is what we cali ConcoElion , which the Ancientsthought 
was performed by the Heatof the Ventricle cnly. 

3 . The 3. We may venture to afirma, that the Ancients would 
Tanit of their not j-¡ ave taught this Opinión but forwantofabetter : Not 
that it appeared to them defedive for want of fufEcient 
Proofs ; for the Authority of them that advanced it, wasan 
undeniableProof according to the Cuftom of thoie Times, 
when, in order to eftablifh any Opinión, it was fufficient 
to fay, that fuch an one was the Author of it. But that 
which created a Difficulty, even to them, was ; that they 
faw a great many Animáis, ín whofe Ventricle they could 
not obferve any Heat; as for ínftance in Fifhes, which 
notwkbftandjng did not wanc Ocncodion, nay, bad as 
good a one, as tbofe where rhe Heat is greateft of all 
Wherefore, chat they rnighr not be at a ftand, ar a Time 
when Phiiofophers had the Vanity to declare, that there was 

not 
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not any Thing thac they did not underftand ,• they found 
out a Way to get rid of this Difficulty, by faying, thac the 
Heat which ferved to concódt Food, was a particular extra- 
ordinary Heat, not ac all like that which we perceive by our 
feeling. But this is a meer Sophifm ; for it íignifies no 
more than to fay, that the Concoction of Food is-caufed by 
fotnething we do tíot at all know what, which we cali 
Heat. 

4. That the Miftake of the Ancients might appear more 4- That Con. 
plain, I have oftentimes made the following Experiment. 

I procured a certain Quantity of thofe fmall Bones which the Heat of 

are at the extreme Parts of thofe Sheeps Feet which Sfo»wtf 

they fell about half boiled ; Part of thefe I put into a Pot m y ' 

almoíl full of Water, and boiled them over the Fire for 

near three Hours •, after which the Bones did not appear 

to be at all changed ¿ I gave the other Part of them at 

the fame time to a great Dog, who devoured them im-, 

mediately, and in three Hours I found thefe Bones almoíl 

entirely concoíted. Now the contrary ought to have hap- 

pened, if the Concoction had been caufed by the Heat on- . 

ly ,• for the Heat in the Pot was much greater than that 

in the Dog’s Stomach : Henee we may conclude, that 

Concodtion is not performed in the manner the Ancients 

taught. 

(f. The modera Chymiíls have paved the Way to the 8 y.Thatthe 
Diícovery of this Truth. For they have fhown in the s f ttl ‘ hel it 
firít Place, that Liquids are the moft effectual Caufes of mc ° ' m> 
the DiíTolution of hard Bodies j and that there are fome 
Sorts of Aqua-Fortís proper to diffolve fome Bodies, and 
other Sorts proper to diífolve other Bodies, It is there- 
fore very reafonable to think ,• that after the Food has 
been bruifed and divided in the Mouth, it is, as we faid be- 
fore, fwallowed down into the Stomach, after it is wel! 
mixed with the Spittle, which by the Motion of its Parts 
while it continúes a Liquid, ferves like Aqua-Fortis to dife 
folve it further than the Teeth could do. And this is con- 
firmedfrom henee, that the Food is much eafier to concoíh, 
if it be well chewed and mixed with a good deal of Spit- 
tle, than if iebe lefs chewed and fwallowed down into the 
Stomach almoíl dry. 

6. But this is nat at all. For there are a great many ofam- 
Branches of Arteries, the Extremicies of which are in the ther.Li ^ 
Iníide of the Stomach ; from fome of which there ge- 
perally diftils another Sort of Aqua-Fortis much ñronger ‘ " 
than the other, which mixing with the Spittle, helps it tq 
djíTolv?, tfoe Vi¿tuals, and indeed daes the tnoft towards is. 
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To which we may add further, thac we may not whoíly dif- 
agree with the Antients, thac theíe two Sorts of Liquors, 
\ in Man and in the greateft Part of Animáis, require Heat 
inthe Stomach, in orderto diííblvethe Viduals contained 
in it. 

7, That ths ~j. ThecViduals after being thus diíTolved, go into the 

fh¿ l ¿¡naaLn I^^des, where ir. may be faid, that a fecond or a tbird 
afthe Fían- Concodion is maáe : For the Gall which continually diftills 
ais - into tbem, and which tindures thp Viduals almoít as foon 

asjthey come outof the Stomach, finifhes, as the laffc Dif- 
folvent, what the preceeding ones only began. 

8. Tb+t the 8. If what I have faid concerning the Gall does not a- 

melr'E™ 1 * § ree ®P* n ‘ on fomePhyíicians, whothink that 

XCró ' ^e Gall * s nothing but an Excrement and of no ufe in the 
Body, I fhall not be very uneafy at that ; becaufe their 0- 
pinion is fo far from being fupported by Reafon, that it is 
diredly contradided by it. And indeed, if the Gall wefe 
only a meer Excrement, it is very probable, that Nature 
vaould rather have placed it at the further End than at the 
Beginning of the Inteftines : For if their Opinión be true, 
it íerves only to taint the Viduals as foon as it comes out 
of the Stomacb, before it has furnifhed what is neceffary 
to nourifli the Body. 
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c h A p. XXI. 

Of the Motion of the Chyle . 


I. What 


' N what Manner foever the Viduals are prepared, when 
they enter into the Inteftines, it is very certaín, that 
that Part which is feparated from them in order to be con- 
verted into Blood.muft be very fluid, becaufe the Paflages 
*it goes through are fo fmall as not to be difeovered by the 
Eye. This Licuor is what we cali the Chyle which is fe- 
parated (whatever the Caufe of that Separation be) from 
the otber Matter which is more grols, and maft go fome 
Way to that Part of the Body where it is to be converted 
into Blood. 

a, 7 belfo- The Ancients, who made Enquiry after thefe two 

»o» of the Things, imagined that the Chyle was drawn out of the 
.Am-vn, Inteftines 
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Inteftines by the Extfemities of the Branches of the Ve?ia- the 
Tarta, towhichthey afcribed a Power of fucking. That t ¿°f¡ e °^‘ ht 
after this, the Chyle continued to run towards the Liver, ye ‘ 
by which it is likewife attraéhed, and into the Subftance of 
which it enters, and that at laft the Liver converts it in- 
to Blood. "* 

3. Though this Opinión was receivedin the Schools for 3 . rw 
a long time, yet were they forced to rejecfc it at laft ; be- { his o T mim 
caufe noBody underftood what that Vertueof fucking was 

which they afcribed to the mefentery Veins 3 ñor what 
that Vertue of attra&ing the Chyle and converting it into 
Blood, confifted in, which they afcribed to the Liver ; but 
chiefly becaufe, according to that Opinión, the Chyle muft 
run from the Inteftines to the Liver, through thofe Veins 
which they affirm, carry the Blood at the fame Time with a 
contrary Motion from the Liver to the Inteftines, vvhich 
without Doubt is contrary to common Senfe and Reafon. 

4. Indeed lince it has been found out, that the Blood 4 -, 
circulates and runs out of the Branches of the cceliack Ar- prXabfcfpZL 
tery into the Veins of the Mefentery, and fo is carried the cirmiati- 
from the Inteftines to the Liver; itis rightly judged, that °^¡°f d lhc 
the Blood is fo far from hindring the Motion of the kmmn?** 
Chyle, that it cannot but contribute to malte it move the 

eafier. 

5. But though thegreat Difíiculty which was found in 5-. That 
theOpiniGn of the Ancients,- was hereby removed; yet the ‘^Difinery 
Difcovery which was fometime fmce made of the lañeal 

Veins , in which the Chyle appears viíibly to be contained, canjidit to 
has caufed it to be entirely rejedted ; And except fome few b r ‘/ c ’fZ elj 
of our oldPhylicians, who can’tbearto altertheir Opinión:;, r ‘ J ' e ' 
thereis none atthis Day but hold, that the Chyle does not 
enter into the mefentery Veins at all, but only into the 
lacteal Veins. 

6 . And there being yet no Doubt concerning the Place 

where the Blood is made; they ftreight concluded that the cmccrl'ing" 
ladeal Veins did ferve as Channels to carry the Chyle theCourfcof 
directly from the Inteftines to the Liver. tke ch l ,e * 

7. However they were forced to rejeót this Opinión alfo, 7- That 
upon findingby Experience; that when the Liver of a live t £f t Chyleá "f e 
Animal iscut out of the Body, the ladleal Veins do not lÍSt'ZcM. 
empty themfelves at all. For it is certain, that if the Chyle 

went diredly to the Liver, thofe Veins ought to growemp- 
¡■h becaufe all the Paflages through which it goes would 
be open. 

■ ¡ 5 . During 
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8. During this Uncertainty of the Courfe which the 
Chyle did take • Mr. Pec^uet thought of a Method of 
putting this Matter paft all Difpute. It is an Experiment 
which he has made and íhown a great many Times, and 
whch diícovers the Courfe of the Chyle fo as it may be 
leen with the Eye. The two fubclaviary Veins muft be tied 
alittle above the Place where they diicharge themfelves in- 
to the Vena-cava-, that there may be no Communicadon 
betwixt that Part which is above the Ligatures, and that 
Part which is below them; then having opened the righc 
Cavity of the Heart, all the Blood which is beneath the 
Ligatures muft be let out and carefully wiped up with a 
Sponge j after which, having firft fqueezed the laíteal Veins, 
then the Receptacle of the Chyle, and laft of all the Duíl 
which goes along the Vertebras, thefe VeíTels will grow 
empty one after another, and y'ou will fee all the Chyle go 
into the righc Cavity of the Heart. And this made us tbink, 
though we expeíted another PaíTage, that all the Chyle 
paffes from the Inteftines into the lacteal Veins j and from 
thefe Veins into the Receptacle, and from thence into the 
fubclaviary Veins, where itmixes with the Blood, and goes 
direítly to the Heart. 

9. Ñor is it at all neceíTary, in Order to explain hov; tk 
Chyle comes out of the Intefimes, to afcribe a Power of fuck« 
ing to the laíteal Veins as the Ancients did to the mefeo- 
tery Veins.. It is fufficient to imagine, what is agreeable 
to Reafon and Experience ; that every Thing which is in 
the Inteftines is in a continual Fermentation or Agitation, 
which malees all the Parts to have a Tendency to dilate 
themfelves every Way. For, upon this Suppofition, itis 
eafy to apprehend, that the fineft Parts, which are the 
moft próper to malte Chyle, get through the. Pores of the 
Inteftines and ib enter into the laíteal Veins. 

10. The Courfe of- the Chyle was for a long Time 
íhown by Experiments in Beafts only, which gives Occa- 
íion to them who are ftill of the Opinión of the Ancients, 
to contend, that it does not move in the fame Manner ia 
Men. However this Matter is now put paft all Difpute 
byan Accident that has happened. Two drunken Soldh 
ers having quarrelled and foug'ht together, and one of 
them being very much wounded, was carried to a Sur- 
geon, but was juft dead when he got thither. This Sur- 
geon (Mr. Gaian) who is veiy 'well skilled in Anatomy, 
kept the Body, and fornetime after having diffe&ed it, 
he fhew’d the Motion qf the Chyle to be tlye faroe iq Mea 
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asinBeafts. Several Perfons were fucceffively WitneíTes 
io the Experiment j And when the Chyle would not lafb 
anylonger, hefupplied theWantof it, by putting theEnd 
of a fmall Syringe into the Receptacle and injecting fome 
Milkj for by that Means they faw it difcharge it ielf in- 
to the right Cavity of the Heart, the fame as t.'pe Chyle' 
did. If this Experiment be not fufficient to fhew the 
Courfe of the Chyle in the Body, I know of no Means 
that there can be of demonítradng it. 

C H A P. XXII. 

How the Blood is inade. 


TF what has been faid concerning the Gouríé of the x . That the 
Chyle be granted, the Opinión of the Ancients, that ^ lood ‘‘ made 
the Blood is made in the Liver, appears manifeftly falle : ,n the Hear,f 
And there will be no Room to doubt but that the Chyle 
is converted into Blood in the Heart. 

2 ■ As to the Manner in whicb the Chyle is converted 2. a» 
into Blood, I fhall not íay of the Heart what is ufually cs 

faid of the Liver, viz. that, being itfelf red, it commu- ma e ' 
nicates its Redneís to the Chyle : For this is not at all ne- 
ceffary for we very well know, that a Ghicken, which 
has Blood in its Arteries and Veins, is generated from an 
Egg, the Shell of which is white, the White of the Egg 
tranlparent, and in which there is no Red at all. I think 
therefore, that it is more probable, that the Chyle be- 
comes red by the Alteration which the Ebullition it ac- 
quires in the Heart makes in the Figure and Difpoíition 
of its Parts. So that the Heart contributes no more to 
the making of the Blood then a Kneading-Trough does to 
the making of Palle. 

3. According to the difFerent Conílitutions of Mcn, 5 . whm 
the Chyle is converted into Blood fooner in fome Per- th " Tiiwd u 
fons than in others. And there are fome, who have no foon- ’ZljflmcPco- 
er eaten, but we may perceive by very vifible EfFedts, pie áfier ea- 
that Part ol the Food is concoíted, and the juice got into *’”s are vtr s 
the Heart ; For that Difpoíition to íleep which they have ’ cfp " 
immediately after eating, cannot reaíbnably be afcribed to 
any Thing elfe but the Want of animal Spirits, which do 
not then breed in fo greac Plenty in the Heart, becaufe 

the 
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the Blood whicfa paíTes through it at that Time is be- 
come too groís and cool by the Chyles mixing with it, 
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, CHAP. XXIII. 

Of the E XCR E MENTS . 
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QINCE we are aíTured that all the Parts of the Food 
^ that we take are not converted into Chyle, but that 
a'gr.eat Deal of ip becomesan ufelefs Excrementa it is ve- 
ry reafonable to think alio, that all the Chyle is not con* 
verted into Blood, ñor all the Blood applied to the Nou- 
rifliment of our Bodies : So that there are feveral Sorts 
of Excrementa and of a very different Nature, which 
are alfo feparated in feveral different Manners from the 
Body ,• And indeed we may affirm, that there is no Part 
of the Body but what wiil become at laíl an Excremerf, 
becaufe there is no Part which at fome Time or other 
will not be feparated from the Body, feeing it is in 
perpetual Change, and fubíifts by fuch Change. 

2. The Parts of the Food which are not converted in- 
to Chyle, being grofler and not fo fluid as the Chyle, can- 
not pafs along with it into the lacteal Veins, but are djl- 
charged by an Inteñine appointed for that Purpofe. But 
it is not thus with the Chyle in Reípedt to the Blood: 
for both thefe being equally fluid, we may very well ima- 
gine, that all the Parts of the Chyle which are not con- 
verted into Blood, and which confequently are a Kind 
of Excrement, follow it every where, fo that tbey go to- 
gether all the Way. And this is the Reafon why the An- 
cients, who believed that the Blood vvas made in the Li? 
ver, afíirmed ; that at the making of the Blood the E-xcre- 
ments of it were carried from the Liver through all the 
Veins ; but that fome Part of them was attrafted by the 
Kidneys in Ordev to make Uriñe y and the other Part went 
off in Sweat through all the Parts of the Body indiffe- 
renrly. 

3. This Opinión appeared very plaufible, both becaufe 
the Blood which is let out of the Veins, if it be left to 
fettlea lítele, is fouod to be full of a certain Serum which 
very tnuch refembles Uriñe; and alió becaufe the Kidney 3 

ata 
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are placed juft by the Excrecnities of the emulgent Veins 
and Arcenes, through which we conceive the Pares of 
the Uriñe are able to pafs. Aad though fome Perfons 
rejeíted this Opinión at firft, and feemed confounded at 
it, becaufe ic íuppofed an unintelligible Attradion, the 
Sphere of whofe Adtivicy reached from the RÜneys to 
the extreme Parts of the Body ; yet this Difficulty feem’d 
to be taken off by the Difcovery of the Circulation of 
the Blood. 'For they imagined that as the Blood paffed 
coiitinually ont of the Artery into the emulgent Vein, the 
Parts of the Uriñe which are mixed with it there, mighE 
difeharge themfelves through fuch Pores as would cavry 
them to the Kidneys. Ñor was. there ány further Need 
oí aferibingany attradive Vertuetothe Kidneys, becaufe 
the Uriñe may get thither in the fame Manner, as the 
Meal does through the Holes of a Sieve into the Baker’s 
Trough, though there be no attradive Vertue in it. And 
thus this Opinión had all the ,Appearance of Truth in 
it. 

4. But fince Philofophy began to be improved with . 4- Wat A l 
greater Diligence than formérly, and Nature has been 
more exactly enquired into ; though it is believed that fome Pajfage 
the Uriñe does go that VVay which we juft now mentí- l mthí 'Vriñt 
oned, yet they begin to fufpedt that there is another Way 
befides, through which it .gets into the Kidneys and then 
into the Bladder. The Reafons for this feem to be very 
ftrong. For Firft, we find -diat if a Perfon be let Blood 
immediately after having eaten Garlick or Sparagrafs ; nei- 
ther the Blood ñor the Serum will fmell of it as the Uriñe 
does; which it ought to do if the Uriñe were only the 
Serum of the Blood. Secoñdly, It is very diffieule to con- 
ceive how they who drink any large Quantity of Water, 
efpecially any Mineral Water, fhould have it get through 
them fo foon, if ic does not go into the Bladder fome 
íhorter way than that which I have mentioned. I forbear 
taking Notice of what Alteratipn and Change it muft 
malte in the Motion of the Heart, and Temperature óf 
the whole Body, by paíling through the Heart in fo largq 
a Quantity as it muft do. And further yet, it has not 
been hitherto obferved that the Serum of the Blood is al- 
ways traníparent, and exádtly of the' fame Colour with 
the Uriñe. All thefe Reafons have cauíed the Phyíicians 3 

to begin to fufpedt, and to propofe the folio wing Quefti- 
on to be debated, viz. Whether the Uriñe be not an Ex- 
crement of the firft Concoótion, that is, fuch as arifes 
hom the Preparaüon of the Chyle only, and not from 

the 
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the Converfion of the Chyle into Blood. As for rny 
felf, I think this Suípicion is very well grounded ,■ and í 
am very much inclíned to thinb, that there is fome Paf- 
fage, tbrough which, Pare of the CJ riñe may pafs out of 
the Receptacle of the Chyle immediacely into the Kid- 
neys. Büt becaufe I have not yet met with any Experi- 
ment to confirtn this Conjecture, I íhall determine no- 
thing further about it. 

f.Thnitgh 5- As to che Paffages outof the Cavityof theUreters 
n>Lc into the Bladder, though they are not at all vifible, as 
**7*£rtí was °bferved before, yet we are fure that their Con- 
jaiaáÜr. ‘ ‘ ftrudion is fuch, as that they have fmall Valves which 
will permit the Uriñe to go down into the Bladder , and 
not íuffer it to return into the Ureters again. For if 
a Bladder be taken out of the Body of an Animad and 
fiiled full of Water, there will not run a Drop of it out 
for a great many Days, that is, lili it is decayed ■ whereas 
if the Iníide be turned outwards and then it be fiiled with 
Water, it will all rnn out in two or three Hours. 

6. of 6. The Particles of Sweat difeharge themfelves from 
s»ut. the Blood, at the Time that it gets out of the Pores of 

the Arteries to caufe Nutrition, and it flies quite ofF from 
the Body by the fmall Spaces which are between the 
Fibres of the Fleíh. 

7. what 7- It is bighly probable that the Mattér of Sweat is 

tbi UMtcrof the fame as that of Uriñe ; for, befides findíng the fame 
K Sort of Salt in Sweat that we do in Uriñe ; we alfo fee 

that the more Sweat there is, the lefs is the Uriñe. 



C H A P. XXIV. 


Of Hunger and Thirfi. 

t. a» TIUnger and Thirfl are two Senfations or two natural 
¡s Appetites which areexci'ted in the Soul from Time 

ratfsd in us. to by t he A&ion of the Nerves of the Stomach 

and Throat. And in order to fee how this is doné, we 
rnufi; obferve, that when the Stomach is empty, that is, not 
fiiled with Vidtuals to caufe Nouriíhment ; then the Li- 
quor which conftantly defeends from the Arteries into the 

Stomach, 
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Stomach, and which commonly ferves to digeft the Vi- 
driáis which are there, finding nothing for them ro acfc 
upon, agitare and fhake the Nerves of the Stomach 3 
which Motion being carried to the Brain, excites in the 
Soub the Senfation or Appetite of Hunger. 

2. And if the Humour which conftantly afrpnds from a. ¿Si» 
the Stomach to the Throat, in the Form of a moift and V’fd u 
grofs Vapour, in Order to keep the Parts as moift as \s ‘ ,nw ' 
proper for the Good of the Body, be too much heated 
and in too great Agitation ¿ either becaufe it is not tempered 
with fome other Liquor, or becaufe the Heat which is all 
over the Body increafes the Agitation of it, or any other 
Caufe whatfoever ; fo that it afcends in the Form of Air or 
of fome very fine Vapour ; then inftead of moiftening and 
cooling the Throat, it will heat and dry it 3 and this wdl 
caufe a Motion in the Nerves, proper to excíte in us the 
Senfation of Thirft. 


CHAP. XXV. 

Of Sicknefs and Health . 


T J E ALT H is a particular Difpofition of the Body r - Wh£i 
whereby it is enabied readily to perform all the Duties Health ,s 
belonging to it. 

2. T wo Things generally go to this Difpofition ,• ñame- « 

ly, a fit ConftruBion of the Parts, and a jufl Temper ature of ,a * 
them. Which two Things come pretty near to one and 
tbefame. For by the Word 1 Temper ature we mean a parti- 
cular Mixture and Combination of Qualities ; and by all 

that has been faid in feveral Places in this Treatife, it is e- 
vident, that what we cali a Quality, is nothing elfe but a 
particular Difpofition and Texture of fu all imperceptible 
Parts, which compofe the larger vifble Parts of the Body. 

3. Stcknefs, on the contrary, is a particular Difpofition 3. What' 
of the Parts of the Body, which renders them incapable S,d ’ n ‘f s "• 
of duly performing their refpedive Fundions. 

4- Though Siclcneís attacks the whole Man, yetitcon- ,f T f u . 
fifts chiefiy in the Body f and the Pains which it caufes in ¡f 
the Mind are only Confequences of it, as appears from 
henee, that by ufing Remedies which affed only the Body, 

and 
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and reduces it to its former State, all the Pains andUneafi- 
neis, which the Mind feels, immediately ceafe. 

5 . There are generally reckoned two Sorts of Diftempers, 
the oneconíifts in a bad Conflrudion of the Parts, as when 
they are too large or too ¿malí, or not of the Shape that 
they oughtt to be. 

6. Theother coníifts in an ill Temper aturen thatis y in a 
particular Mixture of the t^ualities of the Body which is not 
íuch as it ought to be. And we cali it a manfejl ill Tem- 
per ature if we know the Qualities which are in Diforder; 
buc we cali it occult, when the Qualities and the Caufe are 
unknown. 

7. All Diftempers are generally owing to the ill Re- 
guladon of our Líves, eicher from too much or too lie- 
de Sleep, too much or too little Exercife, (¿re. Some. 
times they are caufecl by things without, and very often by 
the Abufe of Food; that is, by our Intemperance in eat- 
ingand drinking; which is fo much the more injurious to 
us, bec.aufe it affeets us inwardly. 

8. JVfy Defign is not to treat of particular Diftempers 
here : Howaver there is an extraordinary kind of Burn- 
ing in the Body, which Phyficians cali a Fever, which I 
cannot wholly pafs by in Silence ; and there is the more 
R.eafon to enquire about it, becaufe this Diftemper goes a- 
long with almoft all others ,• and befides, its Intermiflious 
are the moft furpriüng to all Philofophers., 
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C H A P. XXVI. 

Of a FE VE R. 


A FTER what has been already laíd down concerníng 
the Conftruction of a human Body, it will be eafy 
to explain all the furprizing Phasnomena or Symptoms of a 
Fever. For weneedonly to imagine, a fmáll Part of our 
Blood or añy of thofe J uices which are míxed with it as it 
runs towards the Heart, any Way to ftagnate in fome Pare 
of the Body, fo that it does not begin.to move for fome 
Time, till it be fo corrupted, that it refembles green Wood 
when it begins to burn ; that is, as fuch Wood, when it b 
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firft laid upon the Fire, feems noc difpofed to burn, but 
rather éxtírtguiflies the Firé ,• fo likewife, chis ¿nall Por- 
tion of corrupced Juice, has no Tendency to grow hoc 
and dilate i t felf at firft, whenitpaííes thtough the Hcarr. 
And as green Wood burñs afterwards brighter and more 
fiercely, than that which is dry, fo alfo does tjjis Juice at 
length grow hotter and dilates it felf more, than the Blood 
ordinarily does. 

2. Now this being fuppofed, we are fure in the firft 
Place, that when this íluggiíh Humour begins to move 
from the Place in which it was corrupted (which I íhall 
henceforch cali the Seat of the Fever) and to mix with 
the Blood ; it will hinder it from diiating itfelf as ufual in 
paffing through the Heart, and confequendy the Hearc 
and Pulfe will then beat very faint. 

3. And what ought particularly to be obferved here 
is, that the vital Spirits moving much ílower than ufual 
in the Body, the Agitation of the Particles which is 
kept up by them, and in which the ordinary Heat of the 
Body confifts, muft be very much diminilhed. Whence 
it follows, that we muft feel a certain Coldnefs, which is 
called the coid Fit of a Fever 3 which may be attendéd 
wich forne lharp or faint Tvuitches-, according as the cor- 
rupted Matter, which runs in the Arteries agitates the in- 
ner Coats of them 3 or according as fome of its Parts, 
which get through the Pores of the Arteries, differently 
move the Capillaments of the Nerves which they meet in 
their Paífage. 

4. And becaufe in this State it is impoílible but that 
fáwer Animal Spirits íhould be produced and thofe leís 
agitated than ufual ; therefore thofe of them which are 
fent towards any Mufcle, either to move the Body or to 
keep it in a particular Poflure, are neither ftrong énough, 
ñor fufficiently numerous to prefs againft and ftop up the 
Valves of the Pores fo clofe, but that they are able to 
get out ; in the fame manner as when a little Air 
drawn into the Bellows gets out again, becaufe it cannoc 
prefs the Flap ftrong enough againft the Hole; fo the 
Spirits fent into the Mufcles, get out, and go along with 
a trembling Motion from one Mufcle to another, and 
fo draw the Members by turns to the oppofite Sides, and 
xnake them fhake ; that is, caufe that Trembling which ufu- 
ally attends the Shivering or Coldnefs in a Fever. 

5 . And though all the corrupted Matter may perhaps 
ha ve pafled through the Heart in lefs than half an Hour, 
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yc't ic may make the Shivering continua much longer ¿ be- 
caufe this Matrer which is míxed with the Blood may re- 
turn to the Heart again, with as little Difpolition to dilate 
k felf as it had the firft Time it paíled through it. 

6. Asgreen VVood after it is once heated, burns fiercer 
‘fw" c ^an Wfib d ib the corrupted Matter, after it has paíled 

- 2 ‘ feveral Times through the Heart, may at laft acquire fuch 
a Difpoíítion, as to be very much rarified, and to come 

out of the Heart very much quicker and more agitated 
than the Blood ufually does ; and thisis fufficient to produce 
all thofe Effects, which we experience in that State call- 
ed the hot Fit of the Fever, which iucceeds the great 
Coldneís. 

7. of the 7. And, firft, as to the Beating of the Pulfe, it is evi- 
ihe Paifc oíd ^ enc ’ dtat ic muft be quicker and higher tban ufual, be- 
tíl “cllm'int caufethe Blood' flows quicker into the Arteries, and with 
Heat of t he greater Forcé and Agitation than itcommonly does. We 
Fever. ought alfo to perceive a very extraordinary Heat, becaufe 
the' Blood which comes boiling, as it were, out of the 
Heart, is carried very fwiftly to the extreme Parts of the 
Body, without having any Time to cool it felf by the 
Length of theWay. 

8. The 8. Furcher, becaufe in' this State, a very large Quanti- 
Diffadty of ty of animal Spirits gets into the Brain, and from thence 
the íhco the Nerves ,• there muft neceífarily arife a Difficulty 

- • • in Jleeping, Fains in the Head , and that very troublefome 

Tendernefs which we h ave in all the Members of the Body. 

9 . of a De- 9. It tnay alfo happen, that the animal Spirits, which 

run irregularly in the Brain without any certain Determi- 
nación, and which are very ftrong at that Time, may of 
themfelves forcé open and agítate fome Parts of it, in the 
fame Manner as they are at otber Times by external Ob- 
jeóts ,• wherefore we ought then to fee fuch Objebfs as if 
they were really prefent ,• and herein coníift thofe ftrong 
Delicia which fometimes affecft íick Perfons fo much. 

10. And if the Diftemper continúes long ; then be- 
caufe the Parts of the Blood which uled to turn to Nou- 
rifhment are in much greater Motion than ordinary, or 
than is neceílary for them to be employed ufefully j they 
may not ftop in fuch Places where they are wanted, 
and where they might be applied to Nourifhmenc j 
buc pafs off in the Form of Sweat or infenlible Perfpi- 
ration : And thus the Body njay grow lean, in the fame 
Manner as Plants wither in a very" hot Summer, becaufe 
the Juices which ought to nourifh them, pafs through 
íbeir Pores without ftopping. 

11. And 
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ix. And there will be no doubt butthat a Fever ís ge- m .A Cm. 
nerated in the Manner I bave been fpeaking, if we con- ^™Tr'mh °f 


fider, that when there is any Pus made in an Abfcefs, t hU. 
or occafioned by any Wound, in a Body otherwife in 
Health, a Fever generally enfues 3 and vvherP this Pus 
ceafes or makes it Way out of che Body, the Fever as 
generally goes off with it. 

12. Laftly, though the Matter which kindles the 

Fever, may ceafe any more to flow from its Seat or ’J Fever 
Receptacle, and though there be no new Matter mixed ís «t the 
with the Blood that goes to the Hearc 3 yet that which Hei & hth - 
is already mixed with ir, may be fufficient to malte the 
Fever increafe, rill after a great many Circulations, it be 
díffipated, and the Blood fo purified, thac it is reduced 
very near to that Temperarme, which Phyíicians cali 
laudable. In the fame Manner as Wine becomes fine 
at laft, by working in the VeíTel. 

13. When the Fever once comes to decline thus 3 it 13. í r¡m¡t' 
ought not to return again. Notwithftanding there may ma 'J retnrn ' 
remain a kind of Fermenr, or certain evil Difpofitions, 

in thac Place where the Blood is firft corrupted 3 which 
may again vitiate and corrupt the Blood which gets thither, 
rill by Degrees it come to Maturity, and running into 
the Heart as the firft did, caufe the fame Symptoms. 

14. Whence we may conclude that the Diftemper will } 4 - °f tht 
be a qu arta-a Fever, if the Portion of Blood which ftag- 

nates will take up three Days before it comes to Matu- ° V 
rity and be capable of running into the Heart along with 
che reft of the Blood. If it takes up but cwo Days, it 
will be a tertian Fever 3 and ific concinually runs, then it 
will be a contmued Fever : And laftly, it is a continued Fever 
•with Increafe , when the corrupted Matter ha? fo vitiated 
the Blood, that it has not Time, betwixcthe laft Dropof 
thepreceeding corrupted Matter coming out of the Heart, 
and the firft Drop of new Matter collected again, , run- 
ning into it, to purify it felf 3 For then, there is an Op- 
portunity for the corrupted Matter, which is very much 
difpofed to inflame, to go in great Quancity to the Heart, 
and ib confequencly.to caufe a more violent Heat. 

15. And chis is confirmed from henee 3 that chis Mat- ir. Art^ 
ter which webiave compared to green Wood, muft firft ™arkMt c¡r- 
cool the Blood a iittle, before it felf can be rarified and ^Fevé^wítb 
heated beyond what the Blood ufually is 3 And thus, the ‘nin-f. 
firft Time that it palles through the Heart, it caufes fome 

lítele Shiverings, and fome Difpofitions no íleep, fuch as 
T 2 Yawnings 
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Yawnings and DrowGnels, which precede the Increafe of 
tbe Fever. 

It is impoílible to exhaufí: this whole Subjed. The 
humane Body is fo wonderfully fratned ; that the leaít 
Part ofit yd'.l take up a Man’s whole Life to underftand 
it thoroughíy : Buc becaufe it is very dangerous to be mif- 
taken in fo important a Matter, upon which one’s Life 
many Times depends, and to reafon and argüe upon falfe 
Principies, ( as we fee is perpetually done every Day , ) and 
becaufe, we have but juft begun to undeceive ourfelves 
in an infinite Number of Things, which we blindly re- 
-ceived from the Ancients as trae; we muft wait, till we 
can get more Knowledge, from the Experiments which 
fo many learned Gentlemen of the famous Academy 
are continually making with fo good Succefs : That by 
following the Light and purfuing the Difcoveries of thefe 
great Genius’s and firft Maíters of Science, we may with 
more Aflfurance fpeak concerning fo nice and important a 
Subjed ■ of which what we do already know, as little 
as it is, plainly fhows us, that whole Schools have been 
deceived for many Ages, in eftablifhing their Maxims and 
Decrees, the very Foundation of which is falfe. Where- 
fore, when thefe Gentlemen ílrall be pleafed to commu- 
nicate to the Publick, what they have by their Labout 
and Care difcovered , I hope they will permit me to 
make Ufe bf their Difcoveries, and tolook upon themas 
belonging to me, in the Ufe and Application which I ex- 
pect one Day to make of them ¿ not by cenfuring what 
they intended for Iníiruchon, but that I may corred: my 
felf, if it does not appear to agree with the Principies 
which I have laid down, or elíe that I may be the more 
íirongly confirmed in the Truth of them. 
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